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THs 74196 60 | 7aus259 909 | 40107 bop | LINEAR ICs cpu's MEMORIES EPROMS CRYSTALS INTERFACE Ics 
7400 Mp | 74197 60p | 7418266  25p | 40108 —470p | av1-0212 _600p $8026 700p | 2101-at —400p | 17024 800p | 100KHz 3500p] ADSSE —_775p 
7401 12p | 74198 100p | 74\S273 75p | 40109 100p | AY1-5050 1140p mic1a96. yop eae 1200p | 2102-20 120p | 2516 250p | 200KHz 300p | ADS61) 1400p 
7402 tap | 74199 t00p | 7418279 45p | 40110 ——-300p | AY3-8910 700p mca340P 120 | 950! 450p | 21078 soap | 2708 400p | iMHe 300p | 0M8123175p 
7403 1p | 74221 75p | 74LS283  45p | 40114 250p | AY3-8912 650 ~MC3401 6800 370p | 2111-4. = 400p | 2716 250p | 1.008MHz = 370p | OM8131—375p 
7404 12p | 74251 70p | 748298 160p | 4502 70p | AY5-1224A 2460p MC3403 gop | 6802 425p | 2112 300p | 2532 600p | 1.843MHz —250p | OP8304 4450p 
7405 8p | 74259 120p | 74.8299 400p | 4503 50p | AY5.40070 520p mK50398 750p | 6809 £10 | anrat. 100 | 2732 5850p | 2.0NtHz 250p | 058835 —_250p 
7406 25p | 74278 150p | 74LS323 250p | 4507 40p | CA3019 80p ML920 Boop | INS8060 1100p | airat.2 — tzop | 2716 300nS 500p | 2.457MHz —250p | 08836 150 
7407 25p | 74279 80p | 7418324 150p | 4508 200p | CA30a6 70p Mnts7160 620p | 8080A 350p | 4027 375p | 2732 3000S 750p| 3.276MHe —150p | 0S8838 —225p 
7408 t4p | 74283 75p | 7418348 150p | 4510 65p | CA3038. © -225p_NES31 top | 8085 550p | aii6L.2 — t00p 3,57945MHz 100p | MC1488 55 p 
7409 16p | 74284 200p | 7415352 100p | 4511 S0p | CA30B0€ 72p NESS rep | $968 £19 | ania 400p 4.0MHz 150p | MC1489 5p 
7410 15p | 74285 —200p | 7418353 100p | 4512 65p | CA3086 48p NESS op | 280, 370P | sion. 350p | UARTS 419MHz — 200p | MC3446—325p 
7a 20p | 74290 100p | 7415363 160p | 4514 150p | CA30B9E —-225p —- NESBA. 4420p ae 450p | G116P-3 Sop | AY-3-10150 300p] 4.43MHz —t50p| 25510 —350p 
7412 2op | 74293 100p | 7418364 160p | 4515, 150p | CA3090A0 375p NESES 130p £16 | g116LP-3 e10 | AY-5-1013A300p | 60MHz 150 | 3242 B00p 
7413 2p | 74298 100p | 74365 —36p | 4516 75p | CA3130€ 90p NES66 155p | SUPPORT DEVICES] 6514 300p | M6402 450p | 7.0MHz 150p | 3245 450p 
7414 35p | 74365 55p | 7418367 —36p | 4518. 45p | CA3140E S0p NES67 140p | 3242 a00p | 6810 200p | TR1602 300p | 8.0MHz 175p | 58174 1200p 
7416 25p | 74366 SSp | 74LS368 — 36p | 4520 70p | CA31G0E —'100p_-NES71 425p | 6522 500p COM8017 —-800p | 8.867MHz —_175p | 75107 160p 
7417 25p | 74367 S5p | 7418373 0p | 4521 150p | CA3161E 1190p NESSa4A ~—-250p | 6532 775p | PROMS 10.7MHz 1590p | 75110 1160p 
7420 17p | 74368 ssp | 7418374 —70p | 4526 75p | CA3162E —450p RCAaI36 70p | 6551 650p | jaety 700? | cHaracter cen, | 1S0MHe — 350p | 75160 1409 
7421 2op | 74390 100p | 7aLS375 0p | 4527 sop | CA3189— — 300p C4151 —-200p | Ga21 top | 745188 275p NEM petal EA med 
7422 2op }74393 —t00p | 7418377 0p | 4528 75p | OAC1408-8 200p Ss668 260» | 6850 Teop | 71S20t Op Oe gon] Z6.690MHz 210p | 75182 230p 
7423 2p | 74490 120p | 7418378 7p | 4532 Sop | HA1388 —-270p-SADI024A 1250p | Ga52 250p | 78287 350p | RO-3-2519L.C 700P) 27.145MHe 210p | 75324 250p 
7425 26p 74.$390 85p | 4534 500p | ICL7106 —-850p SFF96364 800p | 8205 220p | 748987 360p P 75361 150p 
7426 30p 748393 0p | 4536 300p | ICL8038 -300p Sago. 350p | 8212 160p | 748470 G00p 75363 300p 
7407 2p 7aLs399 200» | 4538 Yaop | uF13331 3109 sNv6a77 1759 | 216 sop | ee) ese] See NIROLEES ed 
1 5 
7430 isp 748640 t35p | A883 2a0p | Lraeer sp Taras 200p | faze 3502 | 745573 s00p | Kicoaas eyo | MODULATORS | 7549172 2 
7432 25p 74.8541 135p | 4555 S0p | LMI0C_ —«425p.-- TAASSO. 50p | 8251 4350p | 228128 300 | wiceaar £10 | 6MHe UHF 3sop | 8726 120p 
7433 2p 74LS640 300p | 4556 60p | LM301A 7p TAAG21~—275p | g253. Boop | 825137 -750P | Sergeaca =—seg. | MHz UHF 450p | 8128 Je 
7437 BP lsmecenes 748641 300p | 4560 Bop | LM310 120p TBAG4IB —-300p | _g255 350p | oo4a2 400p | 9365 £60 oT88 140p 
7438 30p 74LS642 —300p | 4566 Bop | L311 75p TeA6s1 —_200p | 8257 Boop | 23436 = -650P | Tusa927 £18 8797 140p 
7480 17p | 74100 tap | 7418643 300p | as68 300p | LMaie 200p TeAs00 —90p | 8259 sop | Siege Ste TELETEAD S1L885. “$0p 
74a 7op | 74802 tap | 748644 300 | as69 yeop | M319 —«-225p—TBABI0 ~—100p |_g279, gop | 248 = 9000 DECODER Stree Sep 
74420, 36p | 74LS03 4p | 74LS668 1100p | 4572 30p | LM324 45p TBAB20 90p | zeoP10 350p | BAUD RATE KEYBOARD SAA5020 6 | 814897 90p 
7443 90p | 74LS04 14p | 74LS669 1100p | 4583 90p | L339 65p TBA950 300p | Z80AP10 —400p | GENERATOR ENCODER SAA5030 gg | S1LS98 90p 
7444 "Yap | 741805 18 | 7418070 1709 ano (fe | LMgea 75p C9109 £10 | zeoctc asp | coMei16 £8 | ay.5-2376 —700p| Saasoar —er6 | 960) Bd 
p Pp p | LM3s8P. 75p TCA210 350 5 : 
7 ote | rates ae bow jon tMaea vee TcA210 3560p | zeosrai tao |Mciaat 7 | 7ac-922N 8009 | SAAsO50 £9 
74070 45p | 741810 5p 40014 90p | L380 75p TCA940  200p 
7408 45p | 741811 5p 40086 90p | LM381AN —180p TOAT004A 300. JUMPER LEADS LOW PROFILE DIL SOCKETS BY TEXAS 
7450 1p | 74812 20p. 40097 90p | L386 95p TOAI00B  320p | 24” Ribbon cable with Headers 8pin —&p IBpin 1p 24pin —24p 
a dd ad ae 
5 P P iP TOAI022 —§50p | Single End Pp pin 1p 22pin 2%p 40 pin 30 
7454 17 | 74t815 — 30p | 4000 tap | 14433 1100p | LM393 100p TDAI024 120 | Double End 210p 230p 3456p —_540p WIRE WRAP SOCKETS BY TEXAS P 
7460 Vp | 74.820 15p | 4001 14p | 14495 400p | L394 350p TOA1034B 250p | 24” Ribbon cable with sockets Bpin 30p 18pin SOp 24pin —70p 
7470 36p | 741821 1p | 4002 15p | 14500 700p | L709 36p TOAII70 — 300p 20pin 2pin 34pin 40 pin 14pin 35p 20pin 60p 28pin 0p. 
7472 30p | 74.27 16p | 4006 65p | 14599 290p | LM710 S0p TOA2002V 325p | SingleEnd 160p 210p 270p —300p. 16pin 40p 22pin 65p 40pin 100p 
7473 30p | 74.830 15p | 4007 16p | CO22100 350p | L711 70p TOA2020 320p | OoubleEnd 290p 385p 490p —540p fDGECONNECTORE 0.188" 
7474 2op | 74.532 6p | 4008 60p | CO22101 700p | LM733 100p TDA2541 350 2 
9475 38p | 741833 20 | 4009 35p | CO22102 700 | LM741 18» TLO71/8) — 45p I0G CONNECTORS, gue ser aie 300e 
5478 3op | 74837 6p | a010 i ae 30. atoeres oes 1Oway 26way 34way A0way 2x18 1209222135 
7480 Sop | 741838 16 | aot 14p im7ea, 38p TLO7A Nsom] |Hebdechiua ste: gop i2tOer Arce) ID em 7p 
7481 roop | 741842 36p | aorz 16p M1886 -700p-TLOBa #10p: || ReEeRtRelRSadp!: -200p 1240p. s27de: 
7482 70p | 74847 40p | 4013 35p | COUNTERS: LM1889 350p TLO94 200p EURO CONNECTORS HEADER PLUGS DIL SWITCHES 
7483A ——50p | 741851 15p | 4014 Gop | 74c925  s60p | LM2917 2009-71170 Sop TORS cnet | ‘Pin GOp 24pin 120 Away 90p Bway 12op 
7484 100p | 74855 0p | 4015 60p | 74¢928 —_600p | LM3900 85p UAAI70 —170p. | pinarer2 2x 32way 300 380, 16pin 75p 40pin ——-275p Bway 105p 10way 150p 
7485, sop | 74873 -25p | 4016 30p | icM72168 2000p | M3909 95 —ULN2003 100p | Angad 2. azme  e aoee 
7486 2op | 74LS74 6p | 4017 45p | ICM7217A 850p | LM3911_ —130p--XR2206 © 300p. | DINa1617 31.woy 200-200 
7489 210p | 741875 2p | 4018 60p | MK50398N 750p | LM3914 2210p _ZNaI4 90p LO DESLMOCRIa 
7490 26p | 74LS76 20p | 4019 3p | ZN1040E ~—700p | LM3915 225p =ZN419C 225p AsBoraactypel ¥ KEYBOARD: EXPERIMENTOR 
7491 6op | 74.83 45p | 4020 60p LM3916 = 225p_-—- 2NA24E 135p . SWITCHES BREADBOARDS 
74924 30p | 74LS85 65p | 4021 65p | TTL & ECL LM13600 125p © ZNAa25EB —-350p. 25-WAY D CONNECTORS ‘SQ Switch £0.55 EXP300 £5.75 
7493 30p | 74L886 —20p | aoz2 7op | MC4024  325p | B3712 —«-200p--ZNa26E —«-350p ‘Male Female | Digitast £0.75 ExP325 £1.60 
7494 Sop | 741890 28p | 4023 2op | 4044 325p | Mc1310P —150p-ZNa27EB —_—625p | Solder Bucket 200p 2485p Digitast with LED £1.05 EXP350 £3.15 
7A95A 50p | 74LS92 40p | 4024 40p | 10116 70p | MC1458 40p ZN1034E —200p | Solder Pin 215p —255p Specify Colour EXP600 £6.25 
7496 45p | 741893 _30p | 4025 2op | 10231 350 | MC1495L 3850p —ZNI040€ —700p | Solder Pin (angled) 265p 310p 
7497 120p | 74896 —100p | 4026 130p — 
74100 85p | 74LS107 —45p | 4027 32p | VOLTAGE REGULATORS 
74104 5p | 74LS109 30 | 4028 60p | Fixed Plastic T0-220 TRANSISTORS ZX 80/81 
74108 5p | 7aLst12 4p | aoz9 75p | 1A 0 ve 8C107/8 1p BCSS7B 16 M2055 90 2NZ646 5p 
ay ip | 74LS113 —30p | 4030 40p | Sv 7805 50p 7905 55) P BCSS8B 12p MJ3001 225p 2N2905A 30) 
74109 40p | 74.8114 —-30p | 4031 170p | 6v 7806 50p 7906 7p BC140 — 40p BC5S9C_ 18p ~MJE2955 4130p 2N3053 30p * USER PORT * 
7an10 ssp | 748122 a2p | 4033 4180p | 8v 7808 Sp 7908 7op | 8C141 40p BCY70' 18p MJEI0S5 100p 23054 65p 
54st 7op | 748123 Sop | 4033 yep | 12-7812 Sop 7912 ssp | 8C160  40p BCY71/2 22p MPFIO2  4op 2N3055 0p 
74116 90p | 7418124 120 | 4035 Oop | 1ev UIE SBp 7918 Sop | Beir $e Soisue G9 MPEIO/4 3Ep 2N3042 1409 ADD SOUND, 
Vv p 7918 60) ip P 5 35p 2N3702/3 12 
ae A mold Rr 295P | pay 7824 5p 7924 Gop | BC178/9 20p BD139 50 MPSAI2 G0p 2N3704/5. tap RELAY CONTROL ETC. 
ip Pp Pp BC182/L 9p BDI40 0p TIP29A/C 45p 2N3773 300) TO YOUR ZX 80/81 
74120 7op | 7418132 45p | 4038 ¥20p | oomA +ve —T0.92 BC183/L 9p BO241B 7p TIPSOA/C Sop 2N3819 2p 
main 28p | 7418133 30p | 4039 295p | Sv -78L05.30p 791.05 60p | BC184/L 9p BD2428 70 TIP3IA/C Gop 2N3820 _40p : 
74122 45p | 7418136 30p | 4040 Sp | 12v_ 78L12 30p 79L12 60p | BC212/L 9p BF244B 40p TIPS2A/C_75p 2N3866 100p 
74123 4ap | 7418138 _36p | 4041 7op | 16v 78.15 30p 79L15 60p | BC213/L 9p BF256B 70 TIP35C 2930p 2N3904/6 18p User Port plugs 
fatae ——atp. | rarsi39 36p | aoas gop | OTHERREGULATORS 8C57"" sop Gr959"” op Tipatavc 496 aNense G82 | directly into the 2X80 or 2X81 
74128 4op | 7418145 —_75p | 4oaa 7op | L309K nr &C33716p BF337 30 TIPAZA/C BOp 2NEAS7/B 4Op to provide 8 input channels. 
ites 40 | fatsia7 1000 | aves m8 17 200p 78MGT2C 140 | BCI3B_ «6p BFRI6 180 TIP2955 90p 2N5459  4op 
74136 32p | 74L8148 9p | aoas. Top | tMyss’ — 8Q9B 7eGuIC 2285p | BCA77_ 30 BETES 200 TIP3055 70p 2NGO27 48 
74141 65p | 748151 70p | 4047 75p 5 ae S50 | BC516/7 40p BFYSO/1 30p 2N91B 45p 3NI28  120p A is by simph 
jata? —2oon | 7ausies gop | agaa ep | Zegure 2008 78P08. 900p | BC547B 16p BFYS2 — 30p 2N2160 3560p 3N140/1 120p ccess Ne y-sIMple 
ae v0 | 7ausisa Sop | a0as ae [selene pad Roapene! Bd Bcs4e8 32p BFYSO —90p 2N2219A 30p 40673 75p PEEK and POKE commands. 
via? toon | 7aLei6s atu | aneo Hid S49C | 18p MJ2501 225p 2N2222A 30p 40871/2 100p 
74148 75p | 748156 40p | 4051 69, 
74160 80p Tass? ae 4052 ap OPTO-ELECTRONICS DioDEs 4 BRIDGES 4 sens ‘ Triacs VARIASTE TONE AUDIO OUTPUT 
741514 45p | 74.81 ip | 4053 60p | 2N5777 40p ORPI 1 a Pp p | Plas can be used to produce your 
74153 45p | 7418160 40p | 4054 130 | ocP71 2508 OnPET 130 | OA47 Sp] 1A100V20p | SA400V Sop} 3A400V Gop OWN SOUND EFFECTS 
74154 7op | 7418161 —40p | 4055 125p | ORPI2 90p TIL78 5p | CAST, 29p)| IABOOV Sp] BA GORY 140p) GA SOON 780. zi 
ies fon | atsiez 400 | ance ed P| OA202 10p| 2A50V 30p| 16A100V200p | 6ASOOV 909 
wise Se |aaee |e | orrousarons Rt, “| ae) | oe ae a oe 
8 L074 4130p TILIN1 90) p Pp P 
wise sash | mist ah [3S RTe, TUBE ago] eye Tice aes | iene | Paa.ge Yoppap, 
74160 6op | 7418166 9p | 4066 ahp;| Mecesto”-aopiTILTG 59 | INaooe/7 95 4A4sov t0op | 2Naaad t40p | 1 28000 130p PPI: 
74161 6op | 7418170 120p | 4067 400p | Leos 1N5401/3 14p | 6ASOV 8p | 2N5060/4 4op | T1206D Sop 
SB RUM URE RINE wtf me oe | ME S| Se S| ee | 
ip P ed 1s920 9) ip i i 
74164 sop | 7418175 —_S0p | 4070 tap | Ti209 Red 4p Tik222 Gr 18p | roaroovzo0 | Zcyhite op Reon of PCW articles 
74165 55p | 74LS181 140 | 4071 1ep | TH212 Ye 25p TIL228 Ye 22p Ww 18 1.00 + large S.A.E. 
ie elie ieee a, SHE 
Wer, = 200 IANS TET. eter 4078 20 e 3 ne 7 JUNIOR COMPUTER COMPLETE KIT £100 (Including p & p and VAT) 
74170 160 | 74L8192 0p | 4075, 20p | DISPLAYS OVERSEAS £90 {Including p &p) 
74172 300p | 7418193 48 | 4076 60p | 3016 2009 aes 
yaya yop | yatsias aap | aot noe pee eimes) mage Nsaeest:  70p JUNIOR COMPUTER: BK1 £4.00 BK2 £450 BK3 £450 (plusp &p75p) 
74175 7op | 7418196 — 60p | 4082 20p | 01.707 Gr 140p THL312/3 top ELEKTERMINAL Serial Input VOU Interface Kit £50 plus VAT 
74176 Sop | 7418197 65p | 4086 72p | 0L747 Red —225p THL321/2 130p SOFTY: Ideal Software/Hardware tool for development tool for programming, 
7417 70p | 7418221 60p | 408g 150m | 01747 Gr 2a6p THL330 vaop debugging/veritying and burning into most Sv 24 pin EPROM. Complete with PSU. 
74178 ~~ -100p | 74LS240 —70p | 4093 40p 57 120p 7750/60 00p Ready built, 170 + £2,p &p + VAT 
74180 60p | 74LS241 —70p | 4094 4150p | ENDSOO 1208: DAIVERS ACORN ATOM: A {full size QWERTY Keyboard, modulator for domestic TV, cassette interface, 
74181 1460p | 745241 —400p | 4095 “5p | FNDSO7 120p 8368. 2505 facility for programming in both BASIC & MACHINE CODE. Comprehensive instruction 
74182 gop | 7418242 80p | 4096 0 eee ee UCReiia ped manual with 200 pages and a technical manual 
741844 80p | 7418243 80p | 4097 s4op | MANSeIO. «See 'UBNeley aan Price: Basic 8K + 2K £150 Fully Expanded 12K + 12K £198 + £2.50 p & p + VAT. 
74185 $2op | 7418244 Bp | aoa 90 la " Send SAE for detailed list of Hardware and Software add ons. 
ae iam jalsza? 700 | amie bd Watch out for details on ATOM VISION. 
74190 7op | 74LS248  90p | 40101 t32p * SPECIALOFFER * PCBs FOR MOST ELEKTOR PROJECTS AVAILABLE 
74191 7op | 7418249 9p | 40102 —180p ian teas) 100% Programmed 82823 for junior computer £3.50 
74192 7op | 74.8251 Sp | 40103 180p | ay yat-2 100 95p90p Programmed 2708 for Disco Lights £8 
74183 Yop | 7418253 40p | 40104 8p | 116-3 75p 70p 5p Programmed 2716 for INTELEKT CHESS £1000, 
Pp P p | 2716 225p 210p —200p UV ERASERS UVIB £42 UV140£61.50 _ UV141 £78 +p &p£1.50 + VAT 
74195 60p | 7418258 —45p | 40106 A8p | 2632 sep! (MO; Suse ALL ERASERS WITH BUILT IN SAFETY FEATURES. 
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Express train to nowhere. 
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Very few additional components are required to extend the High Com and 

provide multiple head tape systems with a monitor facility. 

wind sound generator ........ paatredsagencMenTnan eyecare UE aH G 3-16 

H. Pietzko 

Anyone requiring a windlike sound, such as amateur photographers 

during a film or slide show, can make good use of this electronic wind 

sound generator. 
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The final article on the basic version of the NEW Elektor synthesiser 

describes the control and output module (COM) and a simple power 

supply. 

BULOMALICSQUGIGN 5 icsd wicca sc oe The eben BAAR e areca eel 3-26 

Besides the straightforward construction and calibration involved. erat the 

automatic squelch has a major advantage: You do not need to be an expert 

to install it into the audio section of a receiver. 
EDITOR: 

DNR printed circuit board ..... ghia vks {oR SND Lae ee 3-28 Base 

Last month we promised a practical noise reduction system — and hare it . 

is. The circuit literally makes noise go ‘off the air’. UK EDITORIAL STAFF 
T.Day — E. Rogans 

lead acid battery charger ..........0.0005 shegenfOMar area ey . 3-32 P. Williams 

The circuit presented in this article not only charges lead acid batteries, 

but also acts as a power supply. It is polarity-protected and includes CAL EDITORIAL STAFF 

current and voltage limiting. It also provides charge control and a polarity a nee M 

indicator. In other words, the battery charger is practically foolproof! ES Kremipelsauer 
G. Nachbar 
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During the past three years, the physical Brocerios of SIC (silicon carbide) K.S.M. Walraven 

have been the subject of an enlightening study. This article describes this 

semiconductor material and shows how blue-emitting SiC diodes can be 

manufactured. 
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AD/DA conversion ...... 0.0 cece eens a dace amaneen ae ves wit42 

T. Schaerer 

Analogue to digital conversion technology has advanced to the degree at 

which electronics enthusiasts can afford to experiment with digital cir- 

cuits, such as the one described in this article. 

Cissipation limiters. scoscds acs, ope eaufe nvevtaesare viteocs wee ieRaeuasacernials 3-47 

The circuit illustrated here provides a safeguard for the 2N3055, a Baort of 

life insurance. 
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Since Elektor has paid a good deal of attention to EPROM Pronrsrnmens 

lately, it is high time a suitable EPROM eraser was considered. The ultra- 

violet method described here is both efficient and fairly cheap. (Cover photo: F.M. Habla) 

polyphonic synthesiser ..... DCH RPRCRCET TO CHESTM AOACRIE TOON CRE ote 3-51 

The advantages of computer controlled polyphonic keyboards are dis- 

cussed in this article, which at the same time paves the way for the printed 

circuit boards and the constructional details to be published in due course. 
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3-04 — elektor march 1982 eps 
Many Elektor circuits are accompanied by designs for E43: NOVEMBER 1978 E61: MAY 1980 
printed circuits, For those who do not feel inclined to ASCII keyboard 9965 7.70 18.50 BASIC cassette interface 80050 5.60 13.50 
etch their own printed circuit boards, for their own intercom 80069 2.85 lL 
use only, a number of these designs are available as £44; DECEMBER 1978 PWM amplifier 80085 1.50 3.50 
ready etched and pre-drilled boards, Delivery time is elekterminal 9966 7.50 18,— Junior computer: 
approximately three weeks, U.K. /air mail. main board 80089-1 12.60  30.— 
E46: FEBRUARY 1979 display board 80089-2 1.30 3) 
: pools predictor . f supply board 8089-3 3,— lh 
Example: : TBOBS © PROT TSCID: gee ROM alternative 801121 1.55 3.50 
digisplay (E13) 9376 3.25 7.25 E47: MARCH 1979 slow memory access 80112-2120 3.— 
robust lab power suppl 79034 2.95 Ww 
i one ; 5 be oe E62: JUNE 1980 
1. Circuit title E48: APRIL 1979 ores trainer, 80072, 6.— 
2. reference to associated article(s) TV games computer: , 
3. board number UHF/VHE modulator supply bostd at ae 
AK (see £42, October 1978) 9967 18 4 (Re hort Boorse tues 
4. price (in £) inclusive of 15% VAT main board and est yas : bi 80131 Pty 
U.S.A. and Canada: documentation 79073 19.95 47.50 Pest pester Diane TO 
5. price in $, not including tax (if any) power supply 790731 2,45 6.— 
keyboard p.c.b. 79073-2 3.65 850  £63/64: SUMMER CIRCUITS 1980 
Complete set of four boards shop window lighting 
exerdUNE 1877 (9967, 79073, 79073-1, (two boards) 80515 4.10 9.50 
E26 INE ere 79073-2), documentation STAMP amplifier 80543 1.40 3.50 
interface (E25) 97211 3.358. and one Ess software PROM promammer ae 
i : record (ESS 006): 26.25 62.50 
E29: SEPTEMBER 1977 E65: SEPTEMBER 1980 
formant (E25, E26): eet 1979 eas en eeeG 8K RAM+EPROM card 80120 13.15 31.50 
interface receiver 9721-2 1.40 3160 BASIEmisrecomputer’ 7007S og 1B Hneae thermometer 80127 175 4 — 
power supply e7ot:3'* “E60. agi— ster fecetonuis . 6 curve tracer 80128 1.45 3.50 
keyboard divider sor yUNE E70 x é 80138 2.40 5.50 
(one octave) 9721-4 1.30 3.— imonoselektor 79039 10.40 25,— precision power unit 80514 1.80 4.50 
; stereo decoder 79082 2.40 5.50 
Fe NON EMEE GE E66: OCTOBER 1980 
ermat + E30); 319,90 23,50 _-~E51/52: JULY/AUGUST 1979 LCD frequency counter 80117 2.55 6.— 
nieneiiaiwi ' ‘. 4 battery charger 79517 1,90 4.50 dual slide fader 80512, 1.75 4— 
experimenting with the SC/MP: vi ‘9 
RAM-1/O 9846-1 6.90 16,50 
SC/MP board 9846-2 2.60 6— 869: SEPTEMBER 1979 E67: NOVEMBER 1980 
Pararneiric esiueiliar, automatic curtain control 810 = 
filter section 9897-1 1.65 4.— iy is 16 4 9.60 
£32: DECEMBER 1977 , : central heating pump 
formant (E25... E31): tone control section 9897-2. 1.65 4— ser eeat ei0ig one aie 
VCF 9724-1 4.35 10.80 fridge alarm 81024 1.45 3.50 
experimenting with the £54: OCTOBER 1979 draught detector 81028 1.45 3.50 
SC/MP (E31): CPU 9881a 12,90 31— variable fuzz box 9984 1.96 4.50 simple fuel consumption meter 
touch tuning 79519 3.76 = module 1 81035-1 1.65 4— 
E33: JANUARY 1978 module 2 81035-2 1.40 3.50 
simple function generator 9453 3.25 8.— E55: NOVEMBER 1979 module 3 81035-3 1.40 3.50 
formant (E25... E32): topamp 80023 1.45 3.50 main/display board 81035-4 2.50 6— 
ADSR 9725-1 4.20. 10,— 
UAA 180 LED voltmeter E56: DECEMBER 1979 
(two boards) 9817 2.70 6.50  SEWAR 80009 2.85 7.— E68: DECEMBER 1980 
experimenting with the electronic nuisance 80016 1,50 3.50 genie in a can 81042 1.55 3.50 
SC/MP (E31,E32): steam train 80019 1.90 4/50 canometer: 
bus board (E57) 9857 4— 9.50 toppreamp 80031 3.95 9.50 main board 81043-1 1.85 4.50 
memory card 9863 1260 30.— display board 81043-2130 3.— 
E57: JANUARY 1980 multican 81044 3.05 ; 
£34; FEBRUARY 1978 VSWR meter 79513 2.05 5,— __ bath thermometer 81047 2.15 
formant (E25... E33): digital tuning scale piping can 81048 2 — 
DUAL-VCA 9726-1 4.35 10.50 (two boards) 80021-1/2 7.05  17.— NiCad piggy bank 81049 2.20 
ree men aa ee new bus board (E33) 80024 5,85 14,— —_ xylophone 81051 1.70 
SC, Mido seys talk funny (E56) 80054 1.55 3.50 
HEX-1/O 9893 18.20 43,50 : ‘i 
frequency doubler 80065 1.45 3.60 ego; JANUARY 1981 
E35: MARCH 1978 disco ceiling lights 81012 8,70 20.50 
formant (E25... £34): raw power 81082 3.05 7,50 
LFO module 9727-1 4.50 11,— —_ E58: FEBRUARY 1980 big VU meter 
naive Riedie 07281 4 9150 _ aerial amplifier 80022 1.85 4.50 low voltage board 81085-1 2.30 5.50 
4k RAM card 9885 14.70 35—  digisplay 80067 2.40 5.50 main board 81085-2245 = 
SC/MP power supply 9906 4,05 9.50 elektor vocoder, 
bus board 1 80068-1949 24.50 
E36: APRIL 1978 bus board 2 gooss-2 . E70: FEBRUARY 1981 
formant (E25... E38): filter board 80068-3 3.45 8— 150 W converter 81001 5.30 12.50 
COM 97291 4,— 9.50 input/output board 80068-4 3.20 7.50 voiced/unvoiced detector 
elektornado 9874 3.55 8.50 supply board 80068-5 2.85 a detector board 81027-1 3.40 8.— 
cassette interface 9905 3.— 7 switch board 81027-2 4.05 9.50 
E59: MARCH 1980 noise generator 81071 3,60 8.50 
E38: JUNE 1978 chorosynth B0060. 2216 63." ‘Processitimer 
ag , : register board 81101-1 2.40 5.50 
mini-counter 9927 3.15 7.50 printer for pPs soos = 5.80 14.— Hose tena 81101.2 215 3 
£39/40: SUMMER CIRCUITS 1978 E60: APRIL 1980 2% digit DVM 
touch dimmer 78065 1.30 3.— — aide-de-camp: 12V/2A 70438 1.10 2.50 display board 81105-1 2.40 5.50 
preconsonant 9954 2.25 5.50 active car aerial control board 81105-2 2.05 5— 
(two boards) 80018 2.95 
E41: SEPTEMBER 1978 transistor ignition 80084 3.90 E71: MARCH 1981 
formant fuel consumption meter 80096 6.20 multichannel TAP 81008 4.90 11.50 
24. dB VCF 9953-1 4.10  10,— __ stop thief! 80097 1.35 3. movement detector 81110 2.35 5.50 
battery voltage indicator 80101 —‘1.40 3.50 MW receiver 81111 1.95 4.50 
£42: OCTOBER 1978 dip-stick probe 80102 1.50 3.50 multiple sound effects 
resonance filter module 9951 4.45 10.50 _ battery protection 80109 1.45 3.50 generator 81112 2.05 5.— 
VHF/UHF modulator 9967 1.55 4— 


ORDERING INFORMATION Payment must be in advance. 


1. For U.K. and all countries except the U.S.A.: Payment, incl. £ 0.50 post & packing, to Midland Bank Ltd., Canterbury, A/C no. 11014587, 
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2. For the U.S.A. only: Please make your cheque/money order payable to Elektor Publishers Ltd., Bank of America, c/o File No. 1504, 


1000 W. Temple, Los Angeles, Cal. 90074, A/C no. 12350-04207. Prices include post & packing, surface mail. If air mail, please add $ 1.50. 
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eps 
High Com: crystal tuning fork 81541 1.70 teletext 
2 complete modules humidity sensor 81567 1.60 . receiver board 82001-1410 10.— 
(built and tested) + hi-fi preamplifier 81570 4.35 10.50 video control board —-82001-4 4.25 10.—- 
1 main board + universal digital meter 81575 2.95 7 VHF-UHF converter 
self-adhesive input buffers for the board 9864 1.7500 4— 
front panel 81117-1 35.70 85.— logic analyser 81577 2— 5.— IPROM 82019 1.65 4— 
power supply 81117-2 2.05 5.— ‘synthesiser VCO 82027 4.40 10.50 
UAA LED voltmeter £77: SEPTEMBER 1981 flashing light 82038 1.60 — 
(2 boards) 9817 2.70 6.50 i 
peak programme meter 9860 2—  6,— TV gamescomputer Ponniet ee 
3 y extension board 81143, 19.— + 45,— Module 82040 2—  5.— 
E72: APRIL 1981 disco light controller 81155 3.20 7.50 
transistor match-maker 81123 1.75 4, Ss: DFM + DVM Bi166 4.25, 10. eg: JANUARY 1982 
Teaelane 81124 5165 ~—«-13'69_—evolution counter 81171 4.90 11.50 EPROM programmer 82010 4.6511, 
Univereelipowerseply fetias.. sae 8 _ digital barometer 81173 3.50 8.50 169 MHz frequency : : 
counter 82028 -3.— 1 
E73: MAY 1981 £78: OCTOBER 1981 synthesiser VCF+VCA 82031 4.25 10. 
logic analyser: RF-test generator 81150 1.60 3.80 frequency multiplier 82041 2.05 5.— 
main board 81094-1835 20.— ‘economical ridge baa ; Wee 
input board 81094-2 2.15 5.— defroster 1.80 5 
memory board 81094-3215 5.— EPROM programmer 81594 1.45 3,50 «E82: FEBRUARY 1982 
cursor board 81094-4 3.25 7:50 _—_wide range dark room pothestier ADS F088 pation: ER 
dliclay Baars 10048 tae Seo tinge 82004 2.25 550  synthesiser LFO 82033 3.90 9.50 
camping c(I)ock 81130 1.30 3:— shutter speed meter 82005 3.75 9.00 10W/70cmamplifier = 82043250 6. 
LCD panel meter 82011 1.65 4,00 _—teletext power supply = 82065 1.55 
E74: JUNE 1981 universal LED display 82015 1160 4.00 ‘talking board interface 82068 1.60 
map reader 81032. 1.40 3.50 : : darkroom thermostat 820692. — 
Junior Computer £79: NOVEMBER 1981 universal NiCad charger 82070 2.05 
interface board 81033-1 19.06 45.50 teletext 
—12 V supply 2 1.45 ; decoder board 82001-2 5.35 12.50 
adaptor board 81033-3 1.30 3,— keyboard section 82001-3 3.15 750 NEW 
storage scope 81141 3.80 9.— sine-wave oscillator 82006 2.10 5.— 
scrambler 81142 2.25 5.50 telephone amplifier 82009 1.55 3.50 
mini organ 82020 3.50 8.50 £83: MARCH 1982 
75/76: SUMMER CIRCUITS 1981 Tietal detector 82021 565 1350  Windsoundgenerator 82066 1.60 4— 
continuity tester 81151 1.25 3.— LCD frequency counter 82026 2 B= automatic squelch 82077 1.90 4.50 
speed controller 81506 1.75 4— high boost 82029 1.85 4.50 synthesiser COM 9729-1 4.— 9.50 
loudspeaker peak synthesiser power supply 82078 3.70 I 
indicator 81515 1.50 3.50 DNR noise reduction 82080 2.85 Y Feed 
random number generator 81523 2.40 6.— £80: DECEMBER 1981 lead acid charger 82081 1.95 4.50 
‘hi-fi’ siren 81525 1.95 4.50 70em transverter (Oct.) 80133 12.50 30. _—mini EPROM card 82093 1.65 4.50 
front panels for Formant (E25... E35) robust lab power supply 79034-F 0,65 1,50 transfers 
interface 9721-F 1,60 4.—  monoselektor 79039-F 1.45 3.50 
vco 9723-F 1.60 4— £63/64, E65 
vcr 9724-F 1.60 4— musical box 
ADSR 9725-F 1.60 4— ulp amp 
DUAL-VCA 9726-F 1.60 4— STAMP amplifier 
LFOs 9727-F 1.60 4 small up switching supply “O01 = £1.—~ —- $ 2.— 
NOISE 9728-F 1.60 4— stereo dynamic 
com 9729-F 1.60 4— preamplifier 
Complete set of 11 panels (includes 3 x VCO and 
2x ADSR): £ 15.80 or $ 37.50 E68 
24 dB VCF (E41) 9953-F 1.60 4— drinks round indicator 
Seat eat 6 canometer 
module (E42 9951-F 1.60 4— multican 
simple function bath thermometer 002, £1.50 6 4.— 
generator (E33, E38) 9453-F 2,50 6.— NiCad piggy bank 
xylophone 
45 RPM records with uP programs uP TV games: cassette with uP programs 
Reve pacterns} ESS006 1.40 3.50 


singing SC/MP: well- 


PVI programmin, 
known Christmas 5 


space shoot-out 


melodies, both as —Sss002 1.40 3.50 
SC/MP program and 

‘live’ 

NIBL-E Ess004 1.40 3.50 
for SC/MP: Luna, 

battleships, keyplay, ESS005 2.20 5.50 


runtext, biorhythm 
tracer, disassembler 


ORDERING INFORMATION Payment must be in advance. 


uP TV games: 
15 programs: jackpot, 
reversie, amazone, 


\ ESS007 4.25 10.50 
code breaker, etc. 


uP TV games: 
15 programs: invaders, 
fishing, maze adventure, 
memory, pontoon, nim, 
etc, 


\ ESS 009 5.25 12.50 
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What is a TUN? 

What is 10 n? 

What is the EPS service? 
What is the TQ service? 


What is a missing link? 


Semiconductor types 

Very often, a large number of 

equivalent semiconductors exist 

with different type numbers. For 
this reason, ‘abbreviated’ type 
numbers are used in Elektor 
wherever possible: 

e@ '741' stand for wA741, 
LM741,MC1741, MIC741, 
RM741, SN72741, etc. 

@ ‘TUP’ or ‘TUN’ (Transistor, 
Universal, PNP or NPN respect- 
ively) stand for any low fre- 
quency silicon transistor that 
meets the following specifi- 
cations: 


20V 
100 mA 


100 
100 mW 
100 MHz 


Some ‘TUN’s are: BC107, BC108 
and BC109 families; 2N3856A, 
2N3859, 2N3860, 2N3904, 
2N3947, 2N4124, Some ‘TUP'’s 
are: BC177 and BC 178 families; 
BC 179 family with the possible 
exeption of BC 159 and BC 179; 
2N2412, 2N3251, 2N3906, 
2N4126, 2N4291, 


© ‘DUS’ or ‘DUG’ (Diode Univer- 
sal, Silicon or Germanium 
respectively) stands for any 
diode that meets the following 
specifications: 


DUS DUG 
UR, max | 25V 20V 
F, max 100mA | 35mA 
IR’ max 1 yA 100 nA 
tot, max | 250mW | 250 mW 
1D, max 5 pF 10 pF 


Some ‘DUS’ are: BA127, BA217, 
BA 218, BA 221, BA 222, BA317, 
BA 318, BAX 13, BAY 61, 1N914, 
1N4148, 

Some ‘DUG's are: OA85, OA91, 
OA95, AA 116, 


e ‘BC107B’, ‘BC237B’, ‘BC547B' 
all refer to the same ‘family’ of 
almost identical better-quality 
silicon transistors. In general, 
any other member of the same 
family can be used instead, 


BC107 (-8, -9) families: 

BC107 (-8, -9), BC147 (-8, -9), 
BC207 (-8, -9), BC237 (-8, -9), 
BC317 (-8, -9), BC347 (-8, -9), 
BC547 (-8, -9), BC171 (-2, -3), 
BC 182 (-3, -4), BC382 (-3, -4), 
BC437 (-8, -9), BC414 


BC177 (-8, -9) families: 

BC177 (-8, -9), BC157 (-8, -9), 
BC204 (-5, -6), BC307 (-8, -9), 
BC320 (-1, -2), BC350 (-1, -2), 
BC557 (-8, -9), BC251 (-2, -3), 
BC212 (-3, -4), BC512 (-3, -4), 
BC261 (-2, -3), BC416, 

Resistors and capacitor values 
When giving component values, 
decimal points and large numbers 


of zeros are avoided wherever 
possible. The decimal point is 
usually replaced by one of the 
following abbreviations: 


p (pico-) 107 
n (nano-) 1022 
nu (micro- 1076 
m (milli-) 10-8 
k_ (kilo-) 10° 
M_ (mega-) 10° 
G (giga-) = 10° 


A few examples: 

Resistance value 2k7: 2700 ©. 
Resistance value 470: 470 9. 
Capacitance value 4p7: 4,7 pF, or 
0.000 000000 0047F... 
Capacitance value 10n: this is the 
international way of writing 
10,000 pF or .01 pF, since 1 n is 
107° farads or 1000 pF. 
Resistors are %4 Watt 5% carbon 
types, unless otherwise specified, 
The DC working voltage of 
capacitors (other than electro- 
lytics) is normally assumed to be 
at least 60 V. Asa rule of thumb, 
a safe value is usually approxi- 
mately twice the DC-supply 
voltage. 


Test voltages 

The DC test voltages shown are 
measured with a 20 k92/V instru- 
ment, unless otherwise specified, 


U, not V 

The international letter symbol 
‘U' for voltage is often used 
instead of the ambiguous ‘V’, 
‘V'is normally reserved for ‘volts’, 
For instance: Up = 10 V, 

not Vp = 10V. 


Mains voltages 

No mains (power line) voltages 
are listed in Elektor circuits, It is 
assumed that our readers know 
what voltage is standard in their 
part of the world! 

Readers in countries that use 

60 Hz should note that Elektor 
circuits are designed for 50 Hz 
operation. This will not normally 
be a problem; however, in cases 
where the mains frequency is used 
for synchronisation some modifi- 
cation may be required. 


Technical services to readers 

@ EPS service. Many Elektor 
articles include a lay-out for a 
printed circuit board, Some — but 
not all — of these boards are avail- 
able ready-etched and predrilled. 
The ‘EPS print service list’ in the 
current issue always gives a com- 
plete list of available boards, 

@ Technical queries. Members of 
the technical staff are available to 
answer technical queries (relating 
to articles published in Elektor) 
by telephone on Mondays from 
13.30 to 16.15, Letters with 
technical queries should be 
addressed to: Dept. TQ. Please 
enclose a stamped, self addressed 
envelope; readers outside U,K. 
please enclose an IRC instead of 
stamps. 

@ Missing link. Any important 
modifications to, additions to, 
improvements on or corrections 
in Elektor circuits are generally 
listed under the heading ‘Missing 
Link’ at the earliest opportunity. 
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EXCITING OFFERS! 


Fully built & tested 


©Positive and negative voltages with an FSD 
of 999mV which is easily extended, 

@ Requires only single supply 7 - 12V. 

@High overall accuracy + 0.1% + 1 digit. 

@Large bright 0.43” (11mm) LED displays, 

Supplied with full data and applications 
information. 


DIGITAL VOLTMETER MODULE 


Using this fully built and calibrated module as a basis now means that you can 
easily build a wide range of accurate equipment such as multimeters, thermometers, 
battery indicators, etc. etc, at a fraction of the cost of ready-made equipment, Full 
details are supplied with each module showing how to easily extend the voltage range 
and measure current, resistance and temperature, Fully guaranteed, the unit has been 
supplied to electricity authorities, Government departments, universities, the P.O, 
and many companies. 


Temperature Measurement £2.15 svat 


An easily constructed kit using an 1.C. probe providing a linear output of 10mV/°C. 
‘over the temperature range from-10°C to +100°C. The unit is ideal for use in 
conjunction with the above DVM module providing an accurate digital thermometer 
suitable for a wide range of applications. 


Power Supply £4.95 svat 


This fully built mains power supply provides two stabilised isolated outputs of 9V 
providing current levels of up to 250mA each. The unit is ideally suited for power: 
ing the DVM and the Temperature Measurement module, 


In addition to the above a wide range of competitively priced electronic A | 
components is stocked. Please telephone your specific requirements. 

@Shop hours 9 - 5.30 (Weds. 9 - 1) 
@ex-stock delivery on all items. @ Units on demonstration, callers welcome. 
@Post and packing charge 50p per order. @ S.A.E. with all enquiries please. 


@\V.A.T. must be added on all items. 


ULTRASONIC 2a, Range adjustable 

Acs from 5’ - 25’ 
ALARM i ohana 
MODULE a module which contains 


Fully built both ultrasonic transmitter 


and receiver, together with the 

necessary circuitry for providing the 

appropriate delays and false alarm supp- 

ression, Using this module with a suitable 

12V power supply and relay unit such as that 

shown, a really effective though inexpensive intruder 

alarm may be constructed, The module, which is supp- 

lied with a comprehensive data sheet, is easily mounted in 

a wide range of enclosures. A ready drilled case, together with 
all the necessary hardware, is available below, 


Power Supply & Relay Unit 
£3.95 svat @ 


Incorporating a stabilised 12V supply and a 
s.p.c.o, relay with 3A contacts, this unit 
is designed to operate in conjunction with 
the above ultrasonic unit, Fully built and 
tested, its compact size makes it ideal for 
constructing the smallest of units. 


oo \ 
Hardware Kit £3.95.var 


A suitable ready drilled case together with 
the various mounting pillars, nuts and bolts, 
and including a mains switch and 2mm 
sockets designed to house the ultrasonic 
alarm module, together with its associated 
power supply, This hardware kit provides an 
ideal solution for assembling the economical 
alarm system. Size 153mm x 120mm x 45mm 


RISCOMP LiMiTED 


Dept: EL3 


21 Duke Street, 
Princes Risborough, Bucks. 
Tel: Princes Risborough (084 44) 6326 
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DISCO LIGHTING KITS 


DL1000K 
This value-for-money kit 
features a bi-directional 
sequence, speed of sequence 
and frequency of direction 
change, being variable by 
means of potentiometers and 
incorporates a master 
dimming control. Only £14.60 

DLZ1000K 
A lower cost version of the above, featuring 
undirectional channel sequence with speed 
variable by means of a pre-set pot. Outputs 
switched only at mains zero crossing points 
to reduce radio interference to a minimum. 
Only £8.00 
Optional opto input DLAI ..... 60p 
Allowing audio (""beat")—light response. 


DVM/ULTRA SENSITIVE 
THERMOMETER KIT 

This new design is based on 

the ICL7126 (a lower power 

version of the ICL7106 chip) 

and a 3% digit liquid crystal 
display. This kit will form the 

basis of a digital multimeter 

(only a few additional resistors and switches 
are required—details supplied), or a sensitive 
digital thermometer (—50"C’ to + 150°C) 
feading to 0.1°C. The basic kit has a 
sensitivity of 200mV for a {ull scale reading, 
automatic polarity indication and an ultra 
low power requiremont—giving a 2 year 
typical battery life from a standard 9V PPS 


when used 8 hours a day, 7 days a week 
Price £15.50 


DO YOU LONG TO HEAR 
YOUR DOORBELL RING? 


Our latest kit gives 
you a pleasing three- 
note harmonically 


ELECTRONIC D008 # 
* CHIME 


related tone sequence 
(not a microprocessor 


Controlled buzz or the - 
same old ding dong) Qe 
ata touch of a button, 
This kit, based on a new 
integrated circuit, is 
supplied complete with 
a printed circuit board, 
loudspeaker and drilled S 
box and requires only ‘i 
9V battery and push button 
common to most households. w~ 
Itmay also be switched by logic in such 
applications as car alarms, clocks, toys, 
P.A. systems, etc. The unit produces a 
150mW output and draws less than one 1uA 
{rom a PPS battery when the tone ceases, 
Supplied complete with circuit and 
assembly instructions, 
IDEAL PROJECT FOR BEGINNERS— 

ONLY £5.00 


TRIACS 


400V Plastic Case (texas) 3A TIC2060 ... 49p 
8A TIC2260 ... 58p 
12A TIC236D . . 85p 
16A TIC246D . . 96p 
25A TIC263D . 190p 

85p 


6A with trigger Q4006LT 

BA isolated tab TXAL228B 
Diac.+...... ignrynie b 
Opto isolated triac MOC3020 0.6A/400V 110p, 


IF YOU CAN’T (REMOTE) CONTROL YOURSELF ... 


Published remote control systems tend to be quite 
complex, requiring difficult-to-get components and a 


well-equipped lab to get them to work. If this 


wae 


has put you 


off making your own system we have just the kits for you 

Using infra-red, our KITS range from simple on/oft 

controllers to coded transmitter/ receivers with 16 on/off 

outputs or three analogue outputs for controlling, @.9., 

TV or Hi-Fi systems. The kits are easy to build and simple to set up—and they are extremely 
versatile, controlling anything from garage doors to room lighting just by adding the required 


output circuits, i.e, relays, triacs, etc. 


If you can design your own system, we stock a wide range of remote control components at 


very competitive prices. 


We have compiled a booklet on remote control, containing circuits, hints, data sheets and 


details of our remote control kits and 


components. So don't control yourself — 


SEND US 30p and a stamped addressed envelope for your copy TODAY! 


THE MULTI-PURPOSE, TIMER HAS ARRIVED 


Now you can run your central heating, lighting, hi-fi system and lots 


more with just one programmable timer. 


At your selection it is 


designed to control four mains outputs independently, switching on 
and off at pre-set times over a7 day cycle, e.g. to control your central 
heating (including different switching times for weekends), just 
connect it to your system programme and set it and forget it— the 


clock will do the rest 


FEATURES INCLUDE— 
*0.5" LED 12 hour display. 


x Day of week, am/pm and output status indicators. 


#4 zero voltage switched mains outputs 
%50/60Hz mains operation. 


+ Battery backup saves stored programmes and continues time keeping during power failures. 


(Battery not supplied). 


+ Display blanking during power failure to conserve battery power. 


+ 18 programme time sets. 

+ Powerful "Everyday" fun 

+ Useful 

* Direct si 
time interval. 

+20 function keypad for programme entry. 


ion enabling output to switch every day but use only one time set. 
“sleep” function—turns on output for one hour. 
h control enabling output to be turned on immediately or after a specified 


%* Programme verification at the touch of a button. 
THERE HAS NEVER BEEN A CLOCK CAPABLE OF SO MUCH AT SUCH A LOW PRICE— 
ONLY £45.00 
(including components, assembly and programme instructions in an attractive case). 


No circuit is complete without a call to— 


ELECTRONICS 


11 Boston Road = 
London W7 3SJ 


ALL PRICES 


EXCLUDE VAT 


Plug SOFTY 2 into the EPROM socket of your 
micro (280, 6800, 8035, etc.) prototype system 
and SOFTY 2 will operate as the ROM in your 
system but enable you to write data into any 
location, observe memory contents on any 
black & White TV and store the programme on a 
cassette recorder if required 
Various editing facilities are also available, 
permitting bytes or blocks of code to be 
changed, inserted, deleted, etc., enabling the 
programme to be developed and run on the 
host computer. 
After “debugging” SOFTY 2 may be used to 
programme an EPROM (2716 of 2732). 
You can also use it as an intelligent EPROM programmer to copy EPROM's from a master or 
to/from tape. 
Housed in a black ABS case SOFTY 2 comes complete with a mains supply cable and 24-pin 
d.i.1. plug for connection to your prototype system and TV lead 
FULLY BUILT AND TESTED—ONLY £169.00 
For further details of SOFTY 2 and the new Z80 Assembler/ Micro Controller-Menta 
available at just £115.00 please send stamped addressed envelope. 


THE PERFECT AID FOR “LAZYITIS” 


Our Lamp Dimmer Kit with INFRA ~ 
RED REMOTE CONTROL will enable 
you to switch the lights on or off, and 
Set the brightness, at a push ‘of a 
button without leaving your armchair, 
water-bed, etc, Not only will you save 
time but it has also been estimated 
that the savings in shoe leather and 
carpet wear alone would pay for this 
unit in approximately 1.9697 years 
or more! 


This unit has considerable practical 
uses, especially for the old, infirm 
and ‘disabled. It works ‘like a 
conventional dimmer, enabling you 
to switch the lights on or off, or to 
dim them to whatever brightness 
you require, by touch or using the 
hand-held infra red. transmitter. 
When assembled, it fits into a 
plaster depth box’ to replace your 
Conventional switch or dimmer 
with no rewiring. 


TORSOOK Dimmer Kit. ..... £14.30 
MK6 Transmitter Kit......,.£4.20 
We also still sell our highly popular 
TO300K Touch Dimmer Kit at £7.00 
and the LD300K rotary controlled 
Dimmer Kitat......... only £3.50 
All kits contain all necessary 
components and full instructions, 
You only need a soldering iron 
and cutters. 


24 HOUR CLOCK/APPLIANCE TIMER KIT 


‘Switches any appliance up to 1kW — CT1000K Basic Kit . ahssaies 
onand offat present times once per CT1000K with white box (66/131 x 71mm). 
day. Kit contains: AY-5-1230 IC, (Ready Built)... fi Reich 


0.5" LED display, mains supply, 
display drivers, switches, LEDs, | Add 50p postage & packing + 15% VAT to total, 
Overseas Customers: 


triacs, PCBs and full instructions. 
Add £1.50 (Europe), £4.00 (elsewhere) for p&p. 
Send S.A.E. for further STOCK DETAILS. 
Goods by return subject to availability. 


OPE 9am to Spm (Mon to Fri) 


10am to 4pm (Sat) 


'EALING & NORTH 
CIRCULAR RO 


) 


HANWELL 
LT GARAGE 


INT ATHY) 
du NOLSO8 


(3N 


ACCESS, 


Telephone: 
01-579 9794/2842 


‘ang 
BARCLAYCARD 
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Mail to: 

ELEKTOR PUBLISHERS., ELEKTOR HOUSE, 
10 LONGPORT, CANTERBURY. CT1 1PE. 


Please attach magazine label here, list new address 
below, and mail six to eight weeks before you move, 
If you are receiving duplicate copies of Elektor, 
please send both labels. Or if you have a question 
about your subscription attach label here and clip 
this form to your letter. 
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8T4 The new stand 

with the big sponge, 

Fits all model “ 

Antex irons, J MLXS The solder- 

i SZ ing iron for use ona 

12 volt car battery, 
fitted with 2 battery 
clips and extra long 
cable (4Yem.- 15 ft.) 
ASP. £5.30 plus 
VAT. 


CS — 17 watt. 

soldering iron, 5 

push-on inter- 

changeable bits, 

detachable hook, XS 25 — 25 watt 

very tough handle, general purpose 

b with or without soldering iron, cool 

TCSU4 soldering moulded-on plug. handle, detachable 
station with minia- 77a RSP. £4.50 plus hook, 3 inter- at? 
ture CSTC solder- VAT. or changeable bit 
ing iron 24 volts, tip RSP. £5.30 plus sizes. With or with- 240 Antex minia- 
temperature can . V.AT. (with plug) ‘out moulded-on- ture soldering iron, 
be set and con- . plug. 7 interchangeable 
trolled between RSP. £4.50 plus push-on bits, down 
65° and 420°C, VAT. or to 0.5mm tip size. 
RSP. £38.00 plus RSP. £5.30 plus RSP. £4.50 plus 
VAT. : V.A.T. (with plug) VAT. 


Antex (Electronics) Limited. 
Mayflower House, Plymouth, Devon. 
Telephone: (0752) 667377 

Telex: 45296 
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an exciting 
introduction to 
microprocessors 


The first acquaintance with microprocessors can be rather frightening. You are not only confronted with a large 
and complex circuit, but also with a new language: ‘bytes’, ‘CPU’, ‘RAM’, ‘peripherals’ and so on. Worse still, the 
finished article is a miniature computer and so you have to think up some sufficiently challenging things for it to 
do! This book provides a different — and, in many ways, easier — approach. 


The TV games computer is dedicated to one specific task: putting an interesting picture on a TV screen, and 
modifying it as required in the course of a game. Right from the outset, therefore, we know what the system is 
intended to do. Having built the unit, ‘programs’ can be run in from a tape: adventure games, brain teasers, 
invasion from outer space, car racing, jackpot and so on. This, in itself, makes it interesting to build and use the 


TV games computer. 


There is more, however, When the urge to develop your own games becomes irresistible, this will prove surpris- 
ingly easy! This book describes all the component parts of the system, in progressively greater detail. It also 
contains hints on how to write programs, with several ‘general-purpose routines’ that can be included in games as 
required. This information, combined with ‘hands-on experience’ on the actual unit, will provide a relatively 
painless introduction into the fascinating world of microprocessors! 


£ 5.00 — Overseas £ 5.25 
ISBN 0-905705-08-4 


advertisement 
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SERVICES 


READERS 


Many Elektor circuits are accompanied by printed circuit 
designs. Some of these designs, but not all, are also available 
as ready-etched and pre-drilled boards, which can be ordered 
from any of our offices. A complete list of the available 
boards is published under the heading ‘EPS print service’ in 
every issue. Delivery time is approximately three weeks. 


It should be noted however that only boards which have at 
some time been published in the EPS list are available; the 
fact that a design for a board is published in a particular 
article does not necessarily imply that it can be supplied by 
Elektor. 


Technical queries 


Please enclose a stamped, self-addressed envelope; readers 
outside UK please enclose an IRC instead of stamps. 


Letters should be addressed to the department concerned — 
TOE (Technical Queries). Although we feel that this is an 
essential service to readers, we regret that certain restrictions 
are necessary: 

1. Questions that are not related to articles published in 
Elektor cannot be answered. 

2. Questions concerning the connection of Elektor designs 
to other units (e.g. existing equipment) cannot normally 
be answered, owing to a lack of practical experience 
with those other units. An answer can only be based 
on a comparison of our design specifications with those 
of the other equipment. 

3. Questions about suppliers for components are usually 
answered on the basis of advertisements, and readers can 
usually check these themselves, 

4. As far as possible, answers will be on standard reply 
forms. 


We trust that our readers will understand the reasons for 
these restrictions, On the one hand we feel that all technical 
queries should be answered as quickly and completely as 
possible; on the other hand this must not lead to overloading 
of our technical staff as this could lead to blown fuses and 
reduced quality in future issues, 


MICROCOMPUTER COMPONEN 


LOWEST PRICES - FASTEST DELIVERY 
Device Device 


MEMORIES A 
2114L-200ns 1+0.03 705 ais 0.39 


25+0.89 
2114L-300ns 1.55, 
{FOR ACORN ATOM 
2708 450ns.-1+1.71 


2716 450ns 
(single +5V) 
2716 350ns 
2532 450ns 


2732 450ns 


2732 350ns 
4116 200ns 


z 
8 


Device 


7ALS11 . 7ALS258 
7ALS12 

7AS13, 
7ALS14 
7ALS15 


LM338K 


1 
4116 151 
Piba 220 FaMuey 


4118 200ns 


4118 150ns 
5516 200ns 
6116 200ns 7.95 
BIT6LP 200ns 9.50 
GITGLP 150ns 9.05, 


CRT CONTROLLERS 
EF6845P 9.50 


74L$393 


DIL SOCKETS: 
OW PROFILE» a 


Soon 
SSS ec aera apoyo 


2299SS-Ss9900---secess0000ss00500 


SSSSSasaess 
eeossssss- 


SRseizsssg 


EF9365/6 DATA AND 
APPLICATIONS — 2,00 


BUFFERS 


Bes 
388: 


MK 3686-4 

6800 FAMILY 

6800 7 

6802 
SPECIAL OFFER 

ATA CONVERTERS 

EMM25E8 45 | NEW LOW PRICES ON MEMORIES 

5.99 


BRSSSSISSSSERS 
SSSLLSeeasasssSiacanaSsssnaaannanann 


28==99999999=999999===ssssessssesssssos 
SSSSSSSSSSSSLSSSLSSSENASSASSSAIVSSBSsRsesy 
eeescossssssssssessssssssssssssssssssse 


esses 


7aL$122 


2N426E-8 
2NA27E-8 


syiooes 218 | | 2114 1KX4 Low Power 200 ns 0.84 ea 
auiserid “288 || 6116 2KX8 200 ns 5.95 ea 
ZNisoe-10 2716 2KX8 450 1,99 ea || un 
47 9. ns Sadho DTH 
1.8432 MHz 
OFFER ENDS 14/4/82 3364 MH 
CL] FLopry osc 6 MHz 
CONTROLLERS 8 MHz 


‘i 14 MHz 
68030 11.80 | 4 7ALS123 

7ALSV24 .99 | CT) unr 
7418125 0.25 | MODULATORS 
748126 025 | 6 MH 3.70 
7418132048 | B MHz 4.40 
7ALS136 0 

7418138 0.34 | DATABOOKS 
74LS139 0.95 | THOMSON-EFCIS 
wo169t Malta, 0.78 | 6800 Data Book 


MISCELLANEOUS aa ee 
SUPPORT CHIPS 5 i 69 | 7415153 Rae Corer, 
AY-3-1015 3.25 3 S 3 . AUS! fs 

AY-3-1270 i 70 | 45 189 | 7aisis6 §— age | (nc so) 1.68 
AY-3-8910 i . ; E 131 | DATASHEETS 
AY-5-1013 . 2 f k S15 . Photocoped Data 
AY-5-3600 i 00 | Y 8 38 | Sheets avaiable for 
AY-5:2376 i 70 | 45 } $16 30 | most product al 6p 
per page ex p&p 
and VAT Prease 
telephone for details 


KEYBOARD 
Electromechanical 
ASCII Encoded 
(Upper & Lower 
Case) Keyboard 


40 pwn, 


e2esssecec0 
Bsa RBasss5 


restau 
5130 ! 2 t ry 
ULN2803A\L203) 0.84 1, 70 a 48 | (Camage 2.00) 
DVM CHIPS 

2N4500 7.61 
2N450€ OVM KIT 25.00 
NEW LINEARS 
UM3O1AN 


CASE 

Structured Foam 
Case for above 
including Steel Base 
Firushed in Black 
‘and Charcoal 

Price each 49.95 


{soa r c .89 | (Carnage 10.00) 


UM319N 
UM324N 
UM348N 
UMS555CN 
LMS56CN 
LM725CN 
UM741CN 
UM747CN 
LM748CN 


823833: 


MAINS 
TRANSFORMER 
Suitable for +5V 

al 258 £12V at 
1A Power Soply 
(Using Bridge 

140 | Rectification and 
7418253 0.30 | LM323K) 

7418257 0.44! Price exh 10.95 


eeessssss 
Bassas 

essssssss 
RNNGNAN—S 


74LS10 


OFFICIAL MIRMNIMM > 4 HOUR TELEPHONE SERVICE FOR EN RiBeODRTS. 
WELCOME CREDIT CARD USERS AVAILABLE 


PLEASE SEND S.AE. (20P) FOR OUR NEW 1982 CATALOGUE. FREE REPLIED PAID 
ENVELOPE WITH EVERY ORDER. ALL PRICES|EXCLUDE P & P ON ORDERS UNDER 
£10(50p) AND V.AT. (15%). ALL ORDERS DESPATCHED ON DAY OF RECEIPT WITH 

FULLIREFUND FOR OUT OF STOCK ITEMS IF REQUESTED. 


MIDWICH COMPUTER CO. LTD. 
DEPT Elek, HEWITT HOUSE, NORTHGATE STREET, 
BURY ST. EDMUNDS, SUFFOLK IP33 1HQ 
TELEPHONE: (0284) 701321 TELEX: 817670 
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MUSIC KITS 


ALL WITH PRINTED CIRCUIT BOARDS! 


Kimber-Allen Keyboards See Lists | Drum-synthesiser  SET119 50.11 
: SET76 120.45 | Enlarger Timer SET93 _39.22 
Ta Noes Soateence’ Serge “ea.es | Formant Synthesiser See Lists 342.71 
3-Channel Mixer SETI07 21.50 | Frequency Doubler  SET9B 
3-Microphone Mixer SET108 12.99 | Funny Talker SET99 


6-Channel Mixer SET9O 96.67 Guitar Effects SET42 
Analogue Reverb SET83 45.92 | Guitar Multiprocessor SET8S 
Audio Effects SET105 15,12 | Guitar Overdrive SET56 
Chorosynth SET100 125.04 | Guitar Sustain = SET75 
Compressor SET120 25.05 | Headphone Amplifier SET104 
Digital Reverb SET78 75.50 | Metronome SET118 
Discostrobe SET57 39.78 | Microphone Preamp SET61 
Noise Limiter SET97 


10% OFF U.K. C.W.O. ORDERS OVER £20 FROM 

THIS AD UNTIL END OF MONTH ON COVER. (5% 
OFF FOR CREDIT CARDS). THISCOUPON MUST 
ACCOMPANY ORDER. CODE EL23. 


P.E, Minisonic Synth. SET38 181.56 | String Ensemble SET77 214.47 
Phaser SET88 ‘ Switched Treble Boost SET89 12.51 
Phasing & Vibrato SET70 i Synthesiser Interface SET81 9.49 
Practice Amplifier  SET106 ; Transient Generator © SET63 16.86 
Pulse Generator SET115 i Tremelo SETI16 13.47 
Rhythm Generators SET103 Tuning Fork SET46 37.04 
Ring Modulator SET87 . Voice Operated Fader SET3O 9.85 
Sewar SET101 i Voice-scrambler SETI17 21.81 
Signal Tracer SET109 i Voltage Cont. Filter SE T65 15.58 
Simple Phase Unit SET25 . Wah-wah SET58 x 
Smooth Fuzz SET91 z Waveform Generator SET112 23.13 
Speech Processor SET110 ; Wind and Rain Unit SET28 11.39 
Split-phase Tremolo SET102 

Sets include PCBs, U.K. P. & P., 15% VAT, Res, Caps, S'C.s, Pots, 
Knobs, Sw’s, SKTs, Wire, solder, Box, Photocopy of original TEXT. 
Fuller details and more great kits in our FREE catalogue, 

Prices correct at press, E & O,E., subject to stock, 
Delivery frequently by return but please allow 14 days. 


PHONOSONICS 


Dept. EL 23, 22 High Street, Sidcup, Kent, DA14 GEH. 
Telephone: 01-3026184 


lak POSITIVE LIGHT SENSITIVE 
AEROSOL LACQUER 


Enables YOU to produce perfect printed circuits in minutes. 
Method: Spray cleaned board with lacquer. When dry, place 
positive master of required circuit on now sensitized board. 
Expose to daylight, develop and etch. Any number of exact 
copies can of course be made from one master. Widely used 
in industry for prototype work. 


FOTOLAK Pre-coated 1/16” Fibre-glass board 
Developer .. . . “ 204mm x 114mm 
Ferric Chloride 204mm x 228mm 

408mm x 228mm 

467mm x 305mm 


Plain Copper-clad Fibre-glass Single-sided Double-sided 
Approx, 200mm thick, Sq. ft £2,00 

Approx. 1,00nm thick. Sq. ft £1.50 £1.75 
Clear Acrylic Sheet for making master 12p 
Postage & Packing 80p per order. VAT 15% on total 

G.F. MILWARD ELECTRONIC COMPONENTS LTD, 

P.O. BOX 19, CASTLE DRIVE, PRAA SANDS, 


PENZANCE, CORNWALL. Tel. 073 676 2329 


new eurocard modular micro system. 
FLEX 80 280 A/B CPU 


card with memory slots+1/O,......... 
Serial 1/O timer card with tape interface 

Bytewide memory card 8slot......... 
PSUicardte VHI2V iis ican te 6 aa 
VDU card 80 x 24 mem. mapped ...... 
Mains relay card 
Motherboard 8 slot. . 
Case 


hth hh th th th th th 
2 
GS 
° 
=) 


$100 24 slot bytewide memory 
64 k battery static RAM...., 


Prices Exclude VAT. 
SAE or phone for further details: 


Dept. F8 Base Electronics Limited Power Works Slade Green 
Road Slade Green Erith Kent DA8 2HU Tel. 03224 47222. 


NAMAL associates 


No.1 CLAYGATE ROAD, CAMBRIDGE CB1 4JZ. 
Tel. 0223 248257 Telex 817445 


COMPUTER ICs c i LM747 


2114-450 99 4 Be EM ieo 


2114-200LP 99 z : 
2532. 4.10 82 | morasia 


2708 
; 00 | mc14515 
2716 d E .00 | Mc14516 
pes } ‘ 78 | MC14526 
4116-150 . : MC14828 
4116-200 : 75 | MC14543 
5516 i 3 .75 | MC14553 
6116-P3 } 4 90 | mc14555 
6800 ‘ F .70 | MC1461G 
6802 : E 62 | MC1494L. 
6809 ; : 55 | Mc1489P 
6810 
bas 38 | 670 Jo] !e-Sockets 
8850 ‘ : 8 pin 
0A 2.20 i i 
B085A 6.50 ‘22 | Linear ICs te at 
8224 2.20 22] LM323K 4, BY 
8228 4.00 22) L324 30 | 18pin 
8255 3.90 40] LM325 ; 20 pin 
Z80 CPU 3.75 42| LM326 :25 | 22pin 
Z80 ACPU 4.85 99} Lm327 43 | 24 pin 
Z80PI0 3.80 26 | (M329 10 | 28 pin 
Z80 APIO 4.00 26 | LM3342 ee 
Z80CTC 3.60 48] Lm3362 i 
280 ACTC 4.78 36 | LM337K 
[Msaak 4:75 | Sevstals 
LM339 40 | 32.768KHz 
.30| LM341P 18.50 | 1,000MHz 
7805 5V+ s 80] LM342P 15.50 | 2,000MHz 
7812 12V+ « J LM348 z 2,562MHz 
7815 15V+ « é LM350 3.80 | 3,276MHz 
7824 24v+ | Ms LM3524N 2.75 | 3,579MHz 
7905 5V— | a LM358 , 3,932MHz 
7912 12V— . 40 | LM372 ‘60 | 4,000MHz 
7915 15V— | 40 | LM543 ‘60 | 4,194MHz 
7924 24V— , 40 | LM555 ‘40 | 4,433MHz 
L565 90 | 5,000MHz 
LM567 if 5,120MHz 
LM703 :30 | 6,000MHz 
LM706 ast 6,144MHz 
LM723 45 | 6,400MHz 
Lm726 .75 | 10, 000MHz 
LM733 .70 | 18,000MHz 1. 
um741 .20 | 20,000MHz 1.50 


Voltage regu. 


74LS SERIES 


BUY 10 PCS & SAVE MONEY 


Special Offers 


2708 £17.00 
2716-450NS £19.00 
2532-450NS £40.00 
2732-450NS £40.00 


Introductory 6116-150NS £55.00 


Offer 5516 £80.00 
2114 £ 9.50 


ONLY £30 4116-150NS £ 9,50 


16k RAM EXPANSION | 6809 ie 
BOARD FOR ZX81_ | goq £30.00 


Simply plugs into the 6821 £16.00 
existing expansion 
port to increase your LM323K £32.00 
programme 
storage by 16. 


WE GUARANTEE FACTORY PRIME PARTS. Competitive 
Prices — in Depth Stocks. FREE PRICE LIST — Please send 
SAE (20p in U.K,). Minimum Order £10.00. Please add 


£1.00 P&P + VAT 
Government, Colleges and Overseas Orders welcome 
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Express train to nowhere stores 
electrical energy 


Experts throughout the world agree 
that the future for energy would look 
much smoother — and renewable energy 
sources would look more tempting — if 
the basic problems of bulk energy 
storage could be solved. Even in existing 
centralised energy utilities, and particu- 
larly electricity grids, the ability to store 
energy at times of low demand for use 
during periods of peak consumption 
would have immediate and substantial 
benefits. 

Generating equipment of whatever kind 
could be operated at its optimum load 
at all times and the ironing out of the 
peaks and troughs from the demand 
curve would mean very large reductions 
in capital and operating expenditure. In 
most European countries and the 
United States of America the possible 
savings approach 40%, although 25% 
might prove more realistic. 


Troughs in demand 

An advance of this kind would require 
storage systems that operate on the 
basis of electrical input and electrical 
output, and with a capacity commensur- 
ate with that of utility power station 
production — perhaps in the -range of 
500... 1000 megawatt hours. The sys- 
tem would also have to operate at high 
efficiency over a storage period of 12 
to 36 hours, to take into account daily 
and weekend demand troughs, and be 
capable of being constructed close to 
the power station for which it was to 
serve as the store. 

In areas where suitably large lakes can 
be created by building dams, water can 
be used in pumped storage systems with 
a storage time-base that is virtually 
unlimited. However, overall efficiency is 
not particularly high because of losses 
in the pumping process, and in any case 
pumped storage, like the storage of 
energy in the form of high pressure air 
underground caverns, is feasible in only 
a few localities. 

During the past couple of decades a 
number of engineers and _ scientists 
throughout the world have attempted 
to find a solution to the problem, and 
many proposals have involved the use of 
flywheels of one kind or another. This is 
because, in broad principle, the flywheel 
is an excellent storage system, capable 
of being driven up to great speeds by 
high efficiency motors which can also 
serve as very efficient generators to take 
the stored kinetic energy out again. 

But conventional flywheels on a central 
spindle have basic design problems 
which become increasingly prohibitive 


as the scale — and hence the potential 
storage capacity —is increased. The 
ideal flywheel would have all its mass at 
the outer rim, which is the point of 
highest velocity. But the larger the mass 
at the rim and the higher the velocity, 
then the higher the structural stresses 
between the spindle and the rim and 
the greater the proportion of mass of 
structural material that has to be 
introduced into the low velocity area. 


Exotic and expensive 

Even with the most exotic and expens- 
ive materials, a store of 200 megawatt 
hours is approaching the practical limits. 
Smaller stores exist and have operated 
well for many years — Professor 
Oliphant’s homopolar motor-generator 
in Australia is a famous example — but 
these are not at utility scale. However, 
two British scientists, Dr F. M. Russell 
of the Rutherford and Appleton Labora- 
tories and Dr S. H. Chew, who worked 
until recently at the University of 
Malaya but is now at Oxford University, 
have come up with a genuinely revol- 
utionary idea for, in effect, they have 
turned the flywheel inside out. 
According to Dr. Russell, when the 
problem is thought through, it becomes 
obvious that you have to do away with 
the central spindle and all the engineer- 
ing difficulties it entrains. So they de- 
cided to design a flywheel with all the 
mass in the rim and the bearings outside. 
The result looks highly promising. 
Their basic idea, which already has the 
interest of engineering and construction 
companies in Britain and is being 
evaluated in considerable design detail, 
is deceptively simple. In effect it in- 
volves the construction of a high speed 
underground railway with a_ single 
‘train’ occupying the full length of a 
circular track. Taking a diameter of 
1000 metres as a design criterion — 
for this fits comfortably within or just 
around large power station sites — the 
scientists have examined the problems 
and hence the required technology for 
a 500 megawatt hour store. 


The technology is available 

This was described in detail at the 
recent Second International Conference 
on Energy Storage at Brighton, England, 
and the specification contains several 
surprises. The first, and perhaps the 
most important, is that almost all the 
required technology is already available 
because it has been developed in several 
national programmes for high speed 
trains. The tunnelling technology, devel- 
oped both for urban subways and other 
transport requirements, and in a high 
precision form for large ‘atom smashing’ 
accelerators — such as the 27 kilometre 
diameter electron-positron collision ring 
soon to be built in Geneva — is also at 
the required level. 

Even more encouraging are the first 
cautious, broad assessments of cost. 
They suggest that the underground 
train storage system should not be very 


different from that of pumped storage 
systems. Fears that rolling friction losses 
and losses caused by air resistance in the 
tunnel would prove serious were shown 
to be unfounded as the study pro- 
gressed. 

The system emerged as a train, carrying 
a mass of dense material — the heavy 
rock excavated during tunnelling could 
provide the bulk of the mass — driven 
by 24 motor-generators and borne by 
tracks taking both vertical and horizon- 
tal loads. As the detailed engineering 
evaluation was pushed forward the basic 
principles were clarified but remained 
unchanged. The required storage 
capacity could be attained at train vel- 
ocities only about twice those becoming 
common in high speed rail systems. 

The ‘reference’ design has a maximum 
linear speed of 300 metres/second, a 
design efficiency substantially greater 
than that of pumped storage over a 
period of 24 hours, and the capability 
of being built anywhere since the sub- 
surface geology is sufficiently strong to 
accept the transfer of large inertial, cen- 
trifugal and gravitational forces, The 
‘switching time’ of the system — that 
is from store to energy output of 
200 megawatts, is assessed at 3 milli- 
seconds, which is adequate for the most 
sensitive grid control systems now 
envisaged. 


Wheel and track wear 

But detailed study of the reference 
design has also revealed problems, and 
the most serious involves ‘bearing’ — 
that is wheel and track — wear. One of 
the design requirements is that the 
storage system should have a virtually 
maintenance free life comparable to or 
greater than that of the power station 
with which it would be associated. That 
means 30 years or more, and to achieve 
that lifespan the loads transmitted to 
the tracks would have to be reduced 
by ‘an order of magnitude or a little 
more’, according to Dr Russell. 

The inventors claim that the technology 
already exists for the provision of this 
kind of magnetic load reduction but 
prefer not to talk about it yet. The 
system they have in mind would be 
‘advanced’ in the sense of concept, yet 
very robust. Costs are uncertain at this 
stage, but there is no reason to believe 
that they would be outrageous. Industry 
is interested and it seems quite feasible 
that the expense will still be within 
striking distance of the costs of pumped 
storage. 

Anthony Tucker, 

Science Editor for ‘The Guardian’, 
London. 


(744 8) 


3-14 — elektor march 1982 


com 


... for multiple head tape recorders 


We have been asked by a number of readers whether it is possible to 
extend the High Com circuit so that it can be used in conjunction with 
the monitor facility found on multiple head tape recorders. Initially, 
this came as rather a surprise, since the High Com system was designed 
for ‘normal’ cassette decks. Nevertheless, it is possible to extend the 
system so that the monitor facility can be fully utilised. 


high com monitor extension 


Many readers may not have yet had 
the opportunity to construct the noise 
reduction circuit published in the March 
1981 issue of Elektor, if not... now’s 
your chance! Others may wish to 
extend the ‘old’ circuit. In either 
instance the Elektor High Com system 
will have to be available in its original 
form to start with. However, before we 
continue, let’s make a study of some of 
the background details so that we ‘know 
what we are doing’. 


Tape recorder technology 
Reel-to-reel tape recorders and cassette 
decks can be placed into two main 
categories: those with monitor facility 
and those without. In principle, three 
heads are required: an erase head to 
‘wipe’ the tape clean; a record head to 
transfer the relevant signal to the tape; 
and a playback head to retranslate the 
recorded information into an electrical 
signal. 

For reasons of economy, the record and 
playback heads are very often combined 
into a single unit. It should be noted, 
however, that a record/playback head 
cannot record any kind of signal and 
play it back (monitor) at the same time. 
Recordings can only be monitored if 
separate record and playback heads are 
available. 

Supposing, for instance, that a noise 
reduction system was connected be- 
tween the signal source and the record 
head, and the playback head was used 
to monitor the recording. Then the 
same noise reduction system would 
have to be connected between the 
playback amplifier and final output 
medium, Since the High Com system 
can only be operated in the ‘record’ or 
‘playback’ mode, separate record and 
playback channels will have to be added, 
in other words, two noise reduction 
systems! The extra expense can, of 
course, be avoided by simply playing 
back the companded signal, but this will 
not guarantee high quality reproduction. 


The monitor 


Fortunately, very few additional com- 
ponents are required to extend the High 
Com system. Firstly, two more modules 
will have to be added: one for the right- 
hand channel and one for the left-hand 
channel. Since the recording channel 
constitutes the most complicated circuit, 
it is included on the existing board. The 
majority of the playback channel, on 
the other hand, consists basically of the 
High Com module. To work out the 
best method of constructing the monitor 
section, let's take another look at the 
circuit diagrams in figures 6 and 7 of the 
original article published in the March 
1981 issue of Elektor. 

One solution, for readers with plenty of 
time and money, is to build the complete 
device twice and record through one 
and monitor with the other. However, 
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Figure 1. The circuit diagram of the High Com ‘monitor’ extension. Only the left-hand channel is shown, the values for the right-hand channel are 
indicated in parentheses. It is very similar to the playback section of the original High Com system published in the March 1981 issue of Elektor. 


there are cheaper and less time-consum- 
ing methods, which will be discussed 
here. 

The circuit diagram of the prototype is 
shown in figure 1. The playback channel 
consists of the High Com module, the 
input and output interfaces and the 
electronic switches. For the monitor 
channel, the interfaces and the electronic 
switches can be omitted if desired, in 
which case the tape unit will be in the 
High Com mode permanently. This 
option is recommended as it enables any 
differences in level to be equalised from 
the start. 


Construction 

For those readers who have not yet 
built the original Elektor High Com 
system, full constructional details will 
be found in the March 1981 issue of 
Elektor. As far as the monitor extension 
is concerned, two extra High Com 
modules are required together with the 
components listed in table 1. These 
components are the same as those used 
in the original playback system and 


Table 1. 


Parts list for figure 1 


Resistors: 

R19,R119 = 82k 
R20,R120,R23,R123 = 47 k 
R21,R121 = 10k 

R22,R122= 15k 
R24,R124,R25,R125 = 5k6 
R54,R154 = 100 k 
P1,P101,P2,P102 = 25 k preset 


Semiconductors: 

IC3 = MC 14066, CD 4066 

IC4 = RC 4558P 

all other components are included on the 
High Com modules. 


should be mounted on a suitably sized 
piece of Veroboard according to the 
circuit diagram in figure 1. Solder pins 
should be provided for each of the 
connection points, the ones used to 
mount the High Com modules should 
be 1.3mm in diameter. Of course, an 
extra main board could also be used and 


the superfluous components omitted, 
but this may prove to be rather expens- 
ive. The Veroboard should be the same 
width as the main board. This ensures 
that there is plenty of room for the two 
modules, which can be mounted at right 
angles to those on the main board, This 
allows the various connections to the 
main board to be situated along one of 
the sides of the extension board, while 
all the external connections can be 
situated along the opposite side. 

The extension board should be pos- 
itioned so that the two sets of con- 
nections marked; ‘S4a’, ‘+15 V’, '-8V', 
‘+8 V', ‘ground’, ‘S4c’,‘S2’ and ‘P’ are 
exactly opposite the outputs on the 
main board. As a result, the intercon- 
nections can be kept as short as possible. 
As far as calibrating the circuit is 
concerned, the same procedure as that 
described in the March 1981 issue of 
Elektor should be followed. 


References: Noise reduction, Elektor 
February 1981, page 2-04. The High 
Com noise reduction system, Elektor 
March 1981, page 3-06. K 
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a simple effects unit 


wind sound generator 


The sound of the wind is very similar to 
the major headache of HiFi enthusiasts, 
noise. Nevertheless, it is not sufficient 
to utilise just a noise generator to 
imitate gusts and gales, especially as the 
main characteristic of the latter is to 
produce considerable volume within a 
limited frequency range, although the 
complete audio spectrum is represented 
in the signal. The increase in volume 
accompanied by a howling or whistling 
tone is caused by diverting, compressing 
and then expanding the actual wind. 
The slightest alteration will produce a 
different sound. Of course, the same 
principle applies to wind instruments 
where the ‘column’ of air inside a ‘tube’ 
is compressed and expanded to obtain 
the various notes of the scale. 


wind sound 
generator 


Generating wind at professional 
film and television studios is a 
relatively simple matter: all they 
have to do is press a button and a 
powerful fan supplies anything in 
the way of simulated sea breezes 
to gale force winds. In the home, 
such effects are much harder to 
create, and usually result in the 
perpetrator being thoroughly 
winded... 

Anyone requiring a windlike 
sound, such as amateur photogra- 
phers during a film or slide show, 
can now make use of this portable 
electronic wind sound generator. 
A few components, a battery and 
an amplifier are all that are 
required to produce effects 
ranging from a gentle breeze to a 
Caribbean hurricane. Just the 
thing for livening up a dull party! 


H. Pietzko 


Electronic wind 


We are not going to discuss electronic 
wind instruments here, as the majority 
of music synthesisers are able to imitate 
them. Rather, we are going to discuss an 
effective wind sound generator which 
uses a reverse biased germanium diode 
as a ‘noise generator’. The block dia- 
gram of the unit is given in figure 1. 

If only a small current is allowed to pass 
through the diode the current will not 
remain stable. At room temperature 
(about 300° Kelvin), which is a very 
high temperature for diodes, the elec- 
trons in a crystalline structure move 
about in a totally random manner. They 
do not become immobile until the 
temperature drops to 0° Kelvin, the 
absolute zero level. This (normally 
undesirable) effect, which manifests 
itself in the form of audible broadband 
noise, is eminently suitable for this 
particular application. After being ampli- 
fied by a large amount, the noise signal 
can be further ‘processed’. 

The most straightforward method is to 
use a bandpass filter which greatly 


amplifies part of the noise spectrum, as 
shown in figure 1. The bandwidth of the 
filter must be very narrow in order to 
achieve maximum performance. In the 
design presented here, the selectivity 
(Q) and the centre frequency of the 
filter are variable, enabling a large 
variety of ‘wind sounds’ to be selected. 
There is no need to worry about win- 
ding an inductor, for the parallel tuned 
circuit indicated by the bandpass filter 
section of figure 1, as the filter is con- 
structed around two opamps. 


The circuit 

The circuit diagram of the wind sound 
generator is shown in figure 2. The 
germanium diode D1 and resistor R1 
constitute the actual noise generator. 
The noise signal is amplified by opamp 
A1 to produce a noise level of about 
150 mVpp at the output (pin 1). The 
amplified noise signal is then fed through 
a high pass filter consisting of resistor 
R4 and capacitor C4 and then through a 
low pass filter comprising R6/C5 and 
R7/C6 to reduce the bandwidth. 

The circuit around opamps A2 and A3 
forms the ‘variable inductance’ for 
the bandpass filter. Inductors can be 
‘imitated’ by using a capacitor and a 
gyrator, as has often been done in 
Elektor circuits in the past. A different 
approach involves two opamps. Resistor 
R8, capacitor C8 and the ‘coil’ (A2/A3) 
form a tuned circuit with a resonant 
frequency that can be adjusted by 
means of potentiometer P1. The im- 
pedance between the non-inverting 
input of A2 and ground is: 

Z=jws (P1+ R9)* T 

Thus, the inductance will be: 
L=(P1+R9)°T 

where T = R10 * C9 = (P2+P3) + C10 
The inductance of the ‘coil’ and there- 
fore the centre frequency of the 
bandpass filter can be adjusted by means 
of potentiometer P1. The O of the filter 
can be regulated by means of P2 and P3. 
As a result, the wind force is established 
by the former and the volume of its 
whistling tone is established by the 
latter. 

Opamp A2 also acts as a buffer stage 
and provides a low impedance output 
for the wind signal. The amplitude at 
this output will only be about 1.4 mV, 
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Figure 1. The block diagram of the wind sound generator. 
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Figure 2. The circuit diagram of the wind sound generator. The ‘noise diode’, D1, and four opamps (contained in a single package) are the only 


active components. 
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Figure 3. The printed circuit board and component overlay for the wind sound generator. 
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Part List 


Resistors: 
R1,R4,R8 = 470k 
R2,R3 = 820 k 
R5= 1k8 

R6,R11 = 4k7 
R7=47k 
R9 = 3k9 

R10 = 10k 

R12= 330k 
R13,R14 = 56k 


R15 = 100k 

P1 = 47 k logarithmic 
P2 = 4k7 linear 

P3 = 10 k preset 


Capacitors: 
C1=22u/16 V 
C2,C4,C6 = 1n8 
C3=68n 
C5,C9,C10 = 22n 
C7=10n 
C8=15n 


[ra | 
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Semiconductors: 
D1=AA119 
1C1 = TL 084 or LM 324 


Miscellaneous: 
9 V battery or 9 V power supply (see text) 


therefore the signal needs to be ampli- 
fied somewhat. This is accomplished by 
means of opamp A4, the final amplitude 
of the wind signal being in the order of 
100 mv. 


Construction, calibration and 
operation 

Although the circuit has very few 
components, the performance is quite 
surprising. All the components (apart 
from the potentiometers) can be 


mounted on the printed circuit board 
shown in figure 3. 

Since the current consumption of the 
circuit is a mere 8 mA, it can be battery 
powered. A separate small power supply 
could also be used provided the supply 
voltage is adequately smoothed. A 
number of suitable circuits have been 
published in Elektor over the years. 
Calibration simply involves the adjust- 
ment of preset potentiometer P3. With 
P1 and P2 set to their minimum and 
maximum resistances, respectively, P3 is 
turned (starting from its minimum 


resistance value) until the bandpass 
filter is just about to change frequency. 
In other words, the amplifier and 
loudspeaker should not emit the slightest 
breeze! 

It may be advisable to connect the wind 
sound generator to a mixer prior to the 
audio amplifier. This would enable the 
unit to be operated with maximum 
efficiency during slide and/or film 
shows etc. The device is, of course, also 
suitable as a sound effects generator, in 
which case it can be connected directly 
to the line input of the audio amplifier. 
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adding 


adding the finishing touches to the NEW Elektor synthesiser 


The printed circuit board for the 
Formant COM module, published in 
April 1978, can be used here with no 
modifications, although not all the cop- 
per tracks need be used. ‘The circuit in- 
cludes bass, middle and treble controls, 
a sub-sonic high pass filter, a preset gain 
facility and a master volume control. 
The complete circuit diagram of the 
COM module is shown in figure 1 and 
the wiring connections for the printed 
circuit board are given in figure 2. Only 
four pins of the connector are actually 
required in this instance. These are: 


the finishing 
touches to 


the NEW Elektor 
synthesiser 


the COM module, the power supply and 
a few constructional hints 


The final article on the basic version of the NEW Elektor synthesiser 
describes the control and output module (COM). This was originally 
designed for the Formant synthesiser and was fully described in the 
April 1978 edition of Elektor (page 4-33). It includes a preamplifier 
with bass, middle, treble and volume controls. 

The power supply for the synthesiser is very simple and consists of 
virtually only two voltage regulator ICs. 


ground; the positive 15 V supply rail; 
the negative 15 V supply rail; and a 
signal input, which is connected to the 
output of a VCA. The tandem poten- 
tiometer P1a/P1b prevents the remain- 
der of the circuit from being over- 
modulated and at the same time ensures 
that the desired signal is not ‘drowned’ 
by noise from the circuitry shown 
between P1a and P1b. 

Depending on the settings of the various 
synthesiser controls, a brief low fre- 
quency signal produced when a key is 
depressed could cause damage to the 
loudspeakers. Such detrimental tones 
are suppressed by means of the low pass 
filter connected in front of the: tone 
control network, The filter has a cut-off 
frequency of about 20 Hz and is similar 
to the rumble filters found in stereo 
equipment. 


The level of treble and bass is adjusted 
by means of a ‘Baxandall’ network con- 
structed around opamp A2. The output 
of the Baxandall stage is fed via a buffer 
amplifier to a separate ‘pre-emphasis’ 
circuit constructed around opamp A3. 
This section of the circuit controls the 
‘middle’ frequencies. 

The gain of the output stage, A4, can be 
adjusted by means of preset poten- 
tiometer P5 between a factor of 1.8 and 
11 times depending on the input sensi- 
tivity of the power amplifier connected 
to the COM module. The output signal 
from Aé4 is fed to a jack (or DIN-)socket 
situated on the front panel of the 
module. 

For completeness’ sake, the ‘old’ p.c. 
board is repeated at the end of this 
article (figure 10). 


How to incorporate the COM 
module 


The bus boards mentioned in the pre- 
vious articles on the NEW Elektor syn- 
thesiser have to be slightly modified in 
order to accommodate the COM mod- 
ule. As can be seen from figure 3, the 
pins of the 21-way connector soldered 
to the COM printed circuit board will 
not fit into the holes of the corre- 
sponding socket, if the latter is mounted 
on a bus board that has been inserted in 
the slide-in unit using the ‘standard’ 
method. The pins are positioned exactly 
half-way between the holes. The sol- 
ution is to turn the bus board 180° 
before insertion and to remove the first 
and last pins of the connector with a 
pair of suitable cutting pliers. 


The power supply 


The NEW Elektor synthesiser requires a 
power supply capable of producing + 
and —15 V and which will maintain a 
load of 200 mA per rail. Furthermore, 
the polyphonic extension to be de- 
scribed later requires a +5 V supply. 
A suitable circuit is given in figure 5 
(and a p.c. board layout in figure 11!). 
Obviously, the components for the +5 V 
supply need not be mounted yet (IC3 
with its heatsink, C7 and C8). 

Although it is not strictly necessary, it 
is a wise precaution to mount the volt- 
age regulators (IC1, IC2 and IC3) on 
small heatsinks. After all, it is better to 
be safe than sorry! 


How to connect the power supply 


For safety reasons, it is not rec- 
ommended to mount the power supply 
transformer directly on the printed cir- 
cuit board. Having a copper track bear 
the brunt of 240 volts is rather risky to 
say the least. The transformer should 
be mounted on a piece of aluminium, 
about the size of a eurocard, which will 
also act as a ‘screen’ from the rest of 
the circuit — provided the aluminium is 
grounded. 

The power supply and transformer can 
be wired directly to the connector. A 
robust, mechanical connection can best 
be made using long screws and spacers, 
as indicated in figure 6. 
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Figure 1. The circuit diagram of the control and output module (COM) is identical to that used in the Formant design. 


Two LEDs on the front panel (con- 
nected to the + and —15 V supplies) 
allow the user to ascertain at a glance 
whether the power supply unit is 
working correctly. 


Constructional hints 

Figure 7 shows all the basic connections 
for the various synthesiser modules. The 
boards are linked to the power supply 


via three supply voltage rails. The signal 
paths are indicated as thick, black 
lines. 

The output signals from the two VCOs 
and the LFO are first fed to the mixer 
input of the VCF, then to the VCA and 
finally to the COM unit. The gate pulse 
from the Formant keyboard also con- 
trols the vibrato section of the LFO/ 
NOISE module, but not the two envel- 
ope generators. 

The LFO signal can be used to fre- 


quency modulate the VCOs, the VCF 
or all the modules simultaneously. The 
ADSR outputs are linked to the control 
inputs of the VCF and VCA. The KOV 
inputs of the two VCOs are linked to 
each other and also to the KOV output 
of the Formant keyboard (see the 
article on the VCO published in the 
December 1981 issue of Elektor, page 
12-39). 

The various modules can all be accom- 
modated in a ‘card frame’. Suitable 
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Figure 2. The wiring details of the COM unit. 
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Figures 3. and 4. The connector on the COM board does not line up with that on the bus board. For this reason the bus board must be turned 


180° degrees before being installed. 


systems can be obtained from most 
components retailers. For the sake of 
clarity, the connections between the 
printed circuit boards and the front 
panels have been omitted from the 
drawing in figure 7, only the links be- 
tween the individual boards are shown. 
Figure 8 shows the rear view of a slide- 
in case with its seven bus boards. Pro- 
vided the boards are wired from right 
to left, and each module is checked 
separately, very little can go wrong. The 
connecting leads do not have to be in- 
sulated. The socket for the keyboard 
connection can be mounted on a small 
piece of aluminium the size of a bus 
board. This can be inserted between the 
power supply and the bus board of the 
first VCO. 

A suggested layout for the front panels 
is shown in figure 9 and it also gives an 
idea of the required measurements. 
When inserting the modules into a 
standard case, make sure that the total 
front panel width corresponds to the 
sum of the values indicated on the 
drawing. To be certain that all the 
potentiometers fit on the various front 
panels, miniature types with a spindle 
diameter of 4mm should be used. Of 
course, many readers will wish to design 
their own cases and front panels, in 
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Figure 5. The circuit diagram of a suitable power supply for the Elektor synthesiser. 
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Figure 6. For safety reasons, 
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arate piece of aluminium. 


which case we would be interested to 
hear about the results. 

As far as legends on the front panels are 
concerned, the (pre-drilled) front panels 
can be marked with rub-on lettering 
(available from stationers and elec- 
tronics retailers). The panels can then 
be covered with a thin layer of trans- 
parent adhesive foil and the various 
holes cut out with a sharp knife. The 
foil should be slightly larger than the 
front panel in question, so that it can 
be wrapped around it and will not peel 
off easily. 

Alternatively, the panels can be sprayed 
with a suitable laquer after the legends 
have been applied. With a little time and 
patience, the panels can be made to 
look very professional. 


Principal settings for the 
synthesiser 

Now that the NEW Elektor synthesiser 
has been completed, it is time to try out 
a few sounds. Admittedly, the choice of 
modules is rather limited compared to 
the Formant, but then the whole point 
of the new system was to make it easier 
to produce synthesiser music on stage, 
which meant reducing the vast array of 
knobs and buttons used in the Formant 
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system to an absolute minimum. The re- 
maining 28 controls still offer plenty of 8 
musical possibilities. The following 
settings can be combined as desired: 
1. with or without glissando 
2. one or two VCOs 
3. in the case of two VCOs: 
a. both with the same frequency 
b. with an octave between them 
c. with a fifth, a fourth or a third be- 
tween them 
4. filter with envelope control 
a. percussive sounds: attack/decay 
curves, attack time = 0 
b. wah-wah and brass instruments: 
attack time not equal to 0, ADSR 
curve 
5. filter without envelope control 
6. tracking filter 
7. VCA envelope: this must be tuned to 
the VCF envelope. A short VCF 
attack and decay time will not go into 
effect, for instance, if the VCA attack 
time is long. The VCA plays an im- 
portant role, whenever the filter is not 
modulated by way of the envelope 
generator and the cut-off frequency is 
somewhere in the audio range (see 
point 5). 


8. additional mixing of LFO and noise 
A few examples: 
(The names given below to the various 
sound effects are purely fictional and do 
not claim to be official terms.) 
1. Spherical sound: two sawtooth sig- 

nals of the same frequency/glissando. 
Filter envelope set on zero/Q value on 
zero. 
Adjust the filter cut-off frequency to 
allow the entire frequency spectrum to 
pass/ 
VCA: attack: zero 

sustain: maximum 
release: 1.2 seconds 

2. By using two symmetrical VCO 

squarewave signals while keeping the 
other modules in the same setting, an 
effect similar to that in ‘Lucky Man’ by 
Emerson, Lake and Palmer is created. 
3. Disco sound: VCO setting as in 1/no 

glissando. Set the filter cut-off fre- 
quency to zero and the envelope am- 
plitude to maximum. Adjust the O 
factor to zero. 
Filter envelope: attack = 0, sustain = 0. 
Using different decay times, a great 
variety of percussive effects can be 
produced, some of which sound like 
the staccato accompaniment often used 
in disco numbers. The effect is en- 
hanced by separating the two VCO 
frequencies by a fifth. Remember that 
melodies with parallel intervals do not 
always combine well with accompani- 
ment chords played on a different 
instrument. 
4. ‘Sound the trumpet’: 

VCOs: sawtooth or squarewave, same 
frequency or a third, fifth or octave 
interval between them, 

Filter settings as in point 3. 

Filter envelope: attack time not equal 
to zero, sustain equal to 100%, release 
very brief, but not zero. Figure 8. Rear view of the completed synthesiser. 
5. Woodwind instruments: 


POWER SUPPLY 


gate: from keyboard to 
from keyboard to 2D/3D/4U 


5C-5D-6P 


audio signal. 
2U-4A/3U-4B/4H-4Q/4T-7A/6R-4F 
LFO: 6A-3J-2J-6U-40 

NOISE: 6T-4F 

envelope signals: 

5A-4D/5D-4P 


Kov: 


vco 
2 
1U-2T-3T-4C-5J-61-7R and to keyboard 


1E-2E-3E-4R-SL-6M-7H and to keyboard 


1M-2R-3R-41-5K-68-7N and to keyboard 
=15V: 


+15V 


LFO NOISE 
com 


= power supply supply voltages/ground: 


= DUAL ADSR 


4 = VCF/VCA 
5 

6 = 

T= 


2,3= VCO 


1 


VCF/VCA 


DUAL-ADSR 


LFO-NOISE 


‘AUDIOSIGNAL 


com 


ld 
ld 
id 
Id 
id 
eI 


adding the finishing touches to the NEW Elektor synthesiser 


elektor march 1982 — 3-23 


9 


EEYSERE 
AdddNS 
YAaMOd 


3d073AN3 


9 
m 
5 
z 
< 
Gy} 
g 


EEFSERE] 


3WNT0A 


EEYSERE] 


379381 


Figure 9. A suggested front panel layout for the various modules. 


A single VCO with a squarewave 
signal. 
Filter envelope: see point 4. 
Filter envelope amplitude: low. 
Try out different cut-off frequencies! 
6. Sinewave sound: 

VCO with triangle signal. 
Switch on tracking filter operation and 
set the cut-off frequency to match the 
VCO frequency. 
Filter envelope = 0 
VCA: see point 1. 
We will not go into all the possible 
sound effects that the synthesiser is 
capable of producing, as this would fill 
several issues! In any case, it is much 
more fun to experiment and find out 
for oneself. After a certain amount of 
practice readers should be able to dis- 
cover all sorts of novel and interesting 
combinations and settings. This ob- 
viously involves a little more than 
aimlessly twiddling the knobs. The 
tones obtained using this method are 
likely to be cacophonic, if anything. 
Thus, a systematic approach and fine 
tuning are an absolute must when oper- 
ating the synthesiser. 
This completes the series on the basic 
version of the NEW Elektor synthesiser. 
The forthcoming sequel will describe 
how to construct a polyphonic key- 
board and how to connect it to the 
existing modules. 
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Figure 10. Copper track pattern and component overlay of the COM module. 


Parts list for the COM module R16 = 22k C3,C4=10n 
R19 = 4k7 C5,C6 = 39n 
Resistors: : C7=15n 
R1,R2= 82k potentiometers: C8 = 3n3 
R3,R8,R18 = 4702 P1a,P1b = 4k7 log. ganged pot. €10,C11,C12 = 680n 
R4,R6 = 1k5 P2,P3,P4 = 100 k lin. 
R5,R7,R11,R13 = 6k8 PS = 220... 270k preset Semiconductors: 
R9,R14 = 3k9 1C1 = 4136 (DIL package) EXAR, 
R10,R12 = 100k Capacitors: Fairchild, Raytheon or 
R15,R17 = 220k C1,C2,C9 = 100n Texas 


———————  SSSSSSSSESeSeSeSeseSeSeSeSeSeSeSeSeseEe 


adding the finishing touches to the NEW Elektor synthesiser elektor march 1982 — 3-25 


11 


Figure 11. Copper track pattern and component overlay of the power supply. 


Miscellaneous: 


Parts list for the power supply Tr = 2.x 18 V/500 mA (centre tap) 

, ; transformer 
Resistors: S1 = dp toggle switch 
R1,R2= 4702 Semiconductors: F1 = 250 mA slow fuse 

1C1 = 7815 21-pin connector 

Capacitors: 1C2 =7915 heat sinks for C1... 1C3 
C1,C2 = 2200 y/35 V IC3 = 7805 
C3,C4,C7* = 1 w/16 V tantalum D1... D4=1N4001 * not required for monophonic version 


C5,C6,C8* = 100n D5,D6 = LED without preset facility 
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automatic squelch 


The audio bandwidth in communi- 
cations equipment is almost always 
relatively narrow, which is quite suf- 
ficient as only information has to be 
transmitted. This transfer of infor- 
mation is normally accomplished by 
means of the human voice. Conse- 
quently, the chosen bandwidth is 
sufficient to produce a clearly audible 
sound and nothing more. Depending on 
the quality required, the bandwidth is 
usually in the order of 1.5...4.5 kHz, 
which is a familiar value for radio 
amateurs and CB operators. 

It is normal for the transmitter to be 
switched off, immediately after the 
information transfer has been com- 


cations equipment. This will be our 
starting point, since we are going to 
describe a fully automatic noise squelch 
circuit. 

This circuit is primarily intended for 
narrow band FM receivers (such as CB 
equipment). The intention is to con- 
struct a circuit which examines the 
level of noise present in the audio stages 
within a small frequency band and just 
outside the audio spectrum. The signal 
path between the demodulator output 
and the audio input is interrupted as 
soon as the noise exceeds a pre-deter- 
mined level. Consequently, the loud- 
speaker will fall silent until an actual 
transmission is received. 


A squelch ensures that a receiver amplifier does not get inundated 

by unwanted noise when the transmitter signal is not present. 

Such a device is essential for communications equipment, since the 
transmitter is switched off between transmissions. If the receiver does 
not possess a squelch circuit, the noise literally bursts out of the 


loudspeaker during these breaks. 


Besides the straightforward construction and calibration, a major 
advantage of the automatic squelch circuit described here is the fact 
that you do not have to be an expert to install it into the audio section 


of the receiver. 


pleted. The noise which builds up 
during the breaks can be suppressed 
with the aid of a squelch circuit. 
Basically, there are three different types 
of squelch systems: carrier squelch; 
noise squelch; and __ signal-to-noise 
squelch. The carrier squelch circuit 
derives its information from the pres- 
ence or absence of the transmitted 
carrier wave. It is evident that this 
system cannot be used with single side- 
band (SSB) or double sideband (DSB) 
transmissions as the carrier wave is 
suppressed. The noise squelch circuit 
checks whether or not the transmitter is 
active by examining the amount of 
noise present outside the audio pass 
band, since a strong noise signal is 
produced when no transmitter signal is 
present. The last system is the signal/ 
noise squelch circuit which determines 
the relationship of the detected signal 
to the amount of noise present continu- 
ously. The audio signal is not passed on 
to the amplifier stages if the ratio of 
signal/noise drops below a certain level. 
The major drawback of this system is 
that it is a rather extensive and com- 
plicated circuit, compared to the other 
systems. 

At the beginning of this article we 
mentioned the bandwidth of communi- 


Block diagram 


The block diagram of the automatic 
squelch control circuit is illustrated in 
figure 1. The output signal from the 
demodulator is fed to a buffer amplifier, 
A1. The output of this buffer is then 
fed back to the volume control (the 
audio input) via an electronic switch 
(ES1). However, the buffer output is 
also fed through a bandpass filter (A2) 
to an amplifier (A3) and a rectifier 
stage (A4). The DC output of the 


rectifier stage determines whether or 
not the electronic switch, ES4, is open 
or closed. The latter in turn controls 
electronic switches ES1 and ES2. 

When the noise level is below the pre- 
determined value switch ES1 is closed 
and switch ES2 is open. Therefore, the 
output signal from the demodulator is 
passed directly to the audio input. On 
the other hand, when the noise level is 
excessive, switch ES1 will be open and 
ES2 will be closed. This effectively 
interrupts the signal path and short- 
circuits the input to the audio stages. 
The combination of ES1/ES2 is in- 
cluded in order to eliminate any dis- 
turbing switching sounds from the 
output amplifier. 


The circuit 

The circuit diagram of the automatic 
squelch control is shown in figure 2. 
The connection to the ‘hot’ end of the 
volume potentiometer is broken inside 
the receiver. This lead is then connected 
to the input of the buffer amplifier A1. 
The output of the buffer amplifier is 
then connected to the ‘hot’ end of the 
volume potentiometer via ES1. 

As the circuit is powered by a single 
supply rail, the opamps have to be 
biased ‘artificially’. This is accomplished 
by the potential divider R3/R4, resistor 
R1 and preset potentiometer P2. Conse- 
quently, the non-inverting inputs of A1 
and A2 receive approximately half the 
supply voltage. 

The output of A1 is also fed to the 
input of opamp A2, which forms the 
bandpass filter, via capacitor C4 and 
preset potentiometer P2. The LC tuned 
circuit connected between the inverting 
input and the output of A2 determines 
the centre frequency of the bandpass 
filter. The centre frequency can be 
changed quite easily, by altering the 
value of the inductor, L1, and/or the 
capacitor, C5, With the values indicated, 
the centre frequency is around 5 kHz. 
The signal level fed to the input of the 
bandpass filter can be set by means of 
R2; 

On its route to the rectifier stage con- 
structed around A4, the output signal 
from the bandpass filter is amplified 
considerably by opamp A3. The gain 
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Figure 1. The block diagram of the automatic squelch control. 
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Figure 2. The circuit diagram of the automatic squelch control. 


of the rectifier stage can be adjusted 
by means of preset potentiometer P3. 
The circuitry around electronic switch 
ES4 not only acts as a Schmitt trigger, 
but also ensures that the switch is not 
continuously opening and closing. When 
the voltage across capacitor C10 exceeds 
a certain value, ES4 is activated and the 
full supply voltage appears across 
resistor R13. The combination D2, R10, 
R12 and C11 slows down the switch 
when this voltage changes value, thereby 
preventing short noise pulses from 
influencing the circuit. The junction of 
ES4 and R13 is connected to ES2 and 
ES3. The combination ES3 and R14 
functions as an inverter and drives ES1. 
Thus, the circuit shown in the block 
diagram is realised. Switch ES1 will be 
closed and ES2 will be open when only 
a little noise is detected, therefore the 
output of buffer amplifier A1 is fed to 
the input of the receiver audio stages. 
On the other hand, when a lot of noise 
is present, ES1 will open and ES2 will 
close. Consequently, the loudspeaker 
will remain silent. 


Construction and calibration 


The printed circuit board and com- 
ponent overlay for the automatic 
squelch control is given in figure 3. As 
the circuit is relatively straightforward, 
construction should not present any 
problems. The same holds true for the 
installation; the volume control is quite 
easy to find and there is normally suf- 
ficient room inside the equipment to 
install the board. If not, the squelch 
circuit can be mounted in a separate 
small box. 

The supply voltage for the squelch 
circuit must be between 6 V and 12V. 
The current consumption is only a few 
milliamps, therefore the receiver power 
supply can most probably be used. 
Calibration of the circuit is very straight- 
forward. The input level to A2 is preset 
by means of P2 in such a way that the 
noise peaks at the output of this opamp 
are correctly limited. The trigger thres- 
hold of ES4 (the lowest noise level at 


Figure 3. The printed circuit board and component overlay for the automatic squelch control. 


Parts list P2 = 47 k preset 

P3 = 2k2 preset 
Resistors: 
R1,R12 = 220k F 
R2=100k Capacitors: Semiconductors: 
R3,R4,R8,R13 = 10k C1,C9= 22n D1,D2 = AA119 
R5 = 8202 C2,C6 = 100n D3 = 1N4148 
R6,R14 = 47k C3,C10,C11=1u/16 V IC1 = LM324 
R7=1k C4=1n 1C2 = 4066 
R9=472 C5=18n 
R10= 22k C7 = 22y/6V Miscellaneous: 
R11 = 1002 C8 = 220n L1 = coil 56 mH 


which the squelch circuit is activated) is 
set by means of P3. The setting of P2, 
although sounding complicated, is really 
quite simple. An incorrect setting of P2 
means that the circuit switches on and 
off continuously. In which case P2 
should be adjusted until the circuit 
reacts as it should. 


The automatic squelch control could be 
used in a number of applications such 
as CB transceivers, the MW receiver 
(Elektor March 1981) and the induction 
loop paging system (Elektor January 
1982) when used as a ‘babyphone’ or 
intercom. 

K 
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the DNR printed board 


a practical noise 
reduction system 


Last month we promised to come 
up with a practical noise reduction 
system that avoids using a ‘hard- 
to-get’ IC — and here it is. The 
circuit literally makes noise go ‘off 
the air’. 

In addition to the usual HiFi 
applications, the circuit can be 
used to ‘brush up’ the sound 
quality of old records. They no 
longer need to be discarded 
because of the grating noise that 
made listening to favourites of 
years gone by almost unbearable. 
The same goes for FM radio: 
remote stations will sound much 
clearer once noise is eliminated. 


Noise is a universal problem, whether on 
television, radio, records or cassettes. It 
is even more irritating than distortion, 
especially in cases where the trebles are 
reproduced as piercing notes. As a rule, 
therefore, it is more important to 
accomplish a signal to noise ratio of 
70 dB than a distortion level of —70 dB. 
This explains why there are so many 
noise reduction designs on the market, 
two of which, CX and DNR, were 
described in the last issue. This month 
we see how the DNR system can be 
put into practice. 

Like any other noise reduction system, 
the DNR circuit cannot be expected to 
work miracles. It makes the ‘best of a 
bad job’, for the only alternatives to 
noise reduction are to use a relatively 
noise-free signal source together with 
high quality equipment having a high 
signal-to-noise ratio. Let's face it, even 
high quality tuners using rotational, 
multi-unit aerials and professional tape 
recorders are not totally noise free. But, 
at least they do reduce noise to an 
acceptable level. It is when the use of 
less-than-top quality cassette recorders 
and gramophone records is contem- 
plated that noise reduction systems 
really can make an impressive improve- 
ment to the overall signal-to-noise ratio. 


As readers will remember, the DNR 
circuit described last month contained 
an IC, the LM1894, which unfortu- 
nately is very difficult to obtain. The 
circuit in figure 1 gets around that 
problem by providing a_ substitute 
for the IC, but at the same time it 
Creates another snag: the circuit is not 
nearly as compact. Nevertheless, the 
board has been kept to a reasonable size 
and can be connected into a stereo 
system without any difficulty. 


The circuit 

Most of the circuit in figure 1 looks 
similar to a LM 1894 National Semicon- 
ductor application. 1C1, a double OTA 
with darlington buffers, is in the centre. 
Two low-pass filters are built around the 
IC and have a turnover frequency that is 
dependent on the control current 
through pins 1 and 6. The greater the 
current flow, the higher the turnover 
frequency. The filter configuration is 
slightly different from the version 
shown in figure5 in the February 
article. This time, the negative input of 
the OTAs (virtual ground) is driven 
instead of the positive input. The cur- 
rent source controlled capacitors C3 and 
C4 replace the active integrator, A 
capacitor voltage buffered by darlington 
transistars constitutes the output volt- 
age of the DNR circuit and this is 
reverse fed back to the negative input of 
the double OTA by way of R13 and 
R14. 

By way of a series resistor (RO... R12), 
both OTA inputs are provided with a 
current which serves to improve the 
linearity of the input stage. After all, 
the OTA is simply a differential stage 
with a collector current that is equal to 
half the control current |ABc. Differen- 
tial stages tend to get overdriven rather 
easily, which is why the OTA input is 
often derived after a considerable volt- 
age division. As a matter of fact this 
is not necessary in this particular appli- 
cation, as the OTA used here is not the 
type to be overdriven. The circuit 
diagram for the dynamic noise filter 
substitute is very straightforward in- 
deed: it includes an RC filter with a 
resistor between its input and output 
and a capacitor between its output and 
ground. The dynamic constituent of the 
filter is provided by the variable RC 
time —in other words, the adjustable 
turnover frequency. The further the 
signal is filtered, the higher the voltage 
across resistor R. In figure 1 this will 
be seen to correspond to the current 
passing through C3 and C4, respect- 
ively. |ABC determines the maximum 
current level. The filter attains its opti- 
mum performance when the turnover 
frequency is at a minimum (at around 
800 Hz). This occurs when there is 
plenty of noise, but no other input 
signal to speak of. As soon as this 
happens, the |ABC (as will be apparent 
later) and, therefore the modulation, 
increases. Thus, the OTA operation is 
based on an increasing bandwidth to 
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Figure 1. The DNR circuit diagram. 
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rising modulation ratio. 

Now to get back to the DNR circuit 
inputs. The emitter followers, T1 and 
T2, buffer the left-hand and the right- 
hand input signals, and for a very good 
reason. For not only does this provide 
the circuit with an input impedance of 
around 100 k, but the signals have to be 
buffered if the stereo pilot tone filter is 
to be added (between A and B and A’ 
and B’). The filter must be driven 
from a source impedance of 4k7 and 
be terminated with the same value 


(R34... R37). The filter may be necess- 
ary to make sure the pilot tone residues 
(19 kHz and 38kHz) are below the 
noise level. What is at stake here is the 
effect of the pilot tone residues on the 
control loop, rather than on the output 
signal. Now that we’re on the subject, 
let's take a look at the control loop. 

Resistors R5 and R6 add up the left and 
right channel input signals. The capaci- 
tors, C8 and C19, serve to attenuate 
frequencies above 16 kHz. The wiper 
position of P1 exerts a considerable in- 


fluence on the gain factor of the control 
loop. The latter determines the extent 
to which the L+R signal affects the 
turnover frequency of the two noise 
filters with the aid of the control cur- 
rent IABC. The circuit around A1 ampli- 
fies the control signal. Its gain factor is 
frequency-dependent. At very low fre- 
quencies, the gain of A1 is 4%; at fre- 
quencies above 6 kHz this rises to 100. 
The time constant formed by R24 and 
C11 corresponds to a turnover fre- 
quency of around 6 kHz. A11 is followed 
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the DNR printed board 


Parts List for figures 1 and 2 


Resistors: 
R1,R2,R17,R18,R26,R27 = 100 k 
R3,R4,R15,R16,R24,R29 = 3k3 
R5,R6,R7,R8,R13,R14 = 22k 
R9,R10 = 56k 

R11,R12 = 5k6 

R19=15k 

R20,R23,R25,R33 = 10k 

R21 = 330k 

R22 =82k 

R28 = 272 

R30=1k 

R31 = 1002 

R32= 102 

R34*,R35* = 4k7 

R36*,R37* = 6k8 

P1= 100k preset (see text) 


Capacitors: 

C1,C2 = 220 n MKH 

C3,C4 = 4n7 MKH 

C5,C6 = 4u7/16 V tantalum 

C7=10u/16V 

C8,C9 = 1n MKH 

C10,C11 = 10 n MKH 

C€12,C15,C17,C18 = 100 n MKH 

C13 = 6u8/16 V tantalum 
(or 447//2u2) 

C14 = 33 n MKH 

C16 = 470 4/25 V 

C19= 220p 


Semiconductors: 

T1,T2,T3 = BC 547B 

D1,02 = 1N4148 

D3,D4,D5,D6 = 1N4001 

1C1 = LM 13600 (National), 
Technomatic Ltd. 

1C2 = LM 387 (National) 

IC3 = 78L12 


Miscellaneous: 

Tr1 = 15 V/50...100 mA 
transformer 

F1 = 315 mA fuse 

S1 = mains switch 


Note: 

* (see text) Instead of wire links A-B/A’-B’, 
R34... R37 anda single Toko pilot tone 
filter, type BLR 3107N (FI1) may be 
connected. 


by the negative peak rectifier around 
A2. The storage capacitor C13 is 
charged from T3 by way of R28, 
provided the output voltage of A2 is 
sufficiently positive with respect to the 
voltage across C13 to make D1 conduct. 
As soon as this happens, the gain of A2 
—in other words, the ratio of the 
emitter voltage of T3 to the output 
voltage of A1 — will be determined by 
the ratio of R33 to R30 and C14 con- 
nected in series. Again, operation is 
based on frequency-dependent behav- 
iour. The control loop has the fre- 
quency characteristics of a high-pass 
filter featuring a turnover frequency of 
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Figure 2. The DNR printed circuit board. 


6 kHz and a filter slope of 12 dB per 
octave. The reason for this parameter 
was explained in the February issue. 

By connecting R31 and D2 in series, 
the output of A2 is prevented from 
becoming too low when D1 no longer 
conducts. R32 and C15 are also con- 
nected in series, which is necessary to 
limit the open loop gain of A2 during 
the periods that D2 conducts, whereas 
D1 does not. This is essential, since A2 
(one half of the LM387) is compen- 
sated for a greater closed loop gain than 
while D2 conducts. 

The OTA control current 21ABC is 
determined by the voltage across C13 


and R29. The greater the voltage across 
C13, the greater the control current and 
therefore the turnover frequency of the 
dynamic filters. The voltage across C13 
in turn depends on the level of the 
control signal; in other words, on the 
extent to which frequencies above 
6 kHz are represented in the control 
signal. That covers the function of the 
control loop. A slight current lABC 
passes through resistors R26 and R27. 
This is partly used to adjust the DC level 
of A2 (by way of R25). 

Something should be said about P1. 
This adjusts the gain of the control loop. 
The lower the wiper position of P1, the 
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Figure 3. How to connect the DNR circuit to the stereo in cases where recordings do not have 
to be monitored during playback. 


4 


Figure 4. Here the DNR circuit is connected permanently and exclusively to the playback 
module in the cassette deck. 


5 
Y) » or, | 


play phy 


monitor| 


ws 


) 


8-~ 
Fy 


| 
| 
‘ 


Figure 5. The most universal solution: the DNR can be switched off both for all types of signal 
sources and to allow recordings to be monitored. 


greater the noise reduction. P1 can be 

positioned in three different settings: 

1. The wiper voltage of P1 is too low. 
This means not enough control volt- 

age is available, so that not only noise is 

reduced but so are the trebles. 

2. The centre position. The noise re- 
duction is satisfactory without loss 
of trebles. 

3. The wiper voltage of P1 is too high, 
resulting in plenty of trebles and 
plenty of noise. 

The best setting for P1 is half-way 

between 1. and 2, The DNR control can 

be switched off (the full bandwidth of 

30 kHz, at least) by grounding the junc- 

tion of R30 and C14. As a result, the 

control voltage is unable to reach the 
rectifier. In addition, the emitter voltage 
of T3 will be about 11 V, causing a high 

!ABC control current and therefore a 

high turnover frequency in the dynamic 

noise filters. 


In practice 

The printed circuit board for the DNR 
circuit is shown together with the parts 
list in figure 2. There is room on the 
board for a power supply, apart from 
the transformer, mains switch and fuse. 
It is equally feasible to connect a DC 
voltage of 15 V, provided the circuit is 
fed with a stabilised voltage neither 
above nor below 12 V. 

lf the circuit is (also) to be used to 
reduce noise on FM radio, it may be 
necessary to include the pilot tone 
filter Fl1 and the resistors R34... R37. 
This depends on the pilot tone sup- 
pression capabilities of the tuner. The 
19 kHz and 38 kHz pilot tone residues 
must be below the noise level. 

There are various ways in which to con- 
nect the DNR circuit to stereo equip- 
ment. Figure 3 makes use of the tape 
signal recording and playback facilities. 
These are available in practically any 
amplifier. The DNR circuit can be 
switched on and off with the monitor 
switch, It is no longer possible, however, 
to monitor recordings. Furthermore, the 
reserve inputs (‘Aux’) have to be used 
for playback purposes. One solution, 
according to the circuit in figure 3, is to 
switch the DNR permanently to play- 
back. In other words, the unit is not 
available for other signal sources. The 
most universal remedy is shown in 
figure 5, but this involves modifying the 
amplifier. 

The Elektor DNR prototype was tested 
thoroughly. All sorts of signal sources 
with various levels of noise were con- 
nected up. On the whole, the results 
were satisfactory. The setting of P1 
(noise reduction without loss of trebles) 
proved to be rather dependent on the 
signal source. It might be a good idea to 
substitute the preset for an ordinary 
potentiometer, but then again this 
depends on what the circuit is used for. 
At excessive noise levels during breaks 
in the music, audible fluctuations oc- 
curred in the noise volume. Again, this 
depends on the programme material. I 
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lead acid 
battery 
charger 


safe and easy to use 


Although NiCad batteries are relatively cheap, they by no means 
eliminate hermetically sealed lead acid batteries. For one thing, 

it is more economical to use them for high current consumption 
applications. As opposed to NiCads they are easy to charge, because 
they have a specific charge density. In addition, they can be connected 
in parallel to the load and a power supply and put into continuous 
operation. 

The circuit not only charges lead acid batteries, but also acts as a 
power supply. It is polarity-protected and includes current and voltage 
limiting. It also provides charge control and a polarity indicator. 

In other words, the battery charger is practically fool-proof! 


lead acid battery charger 


Compact lead acid storage batteries, 
like the well-known ‘Dryfit’ from 
Sonnenschein and YUASA from Japan 
are very popular with model hobbyists. 
Very often the smaller types (6 V and 
12. V; 1.1 Ah) fit in equipment that is 
normally supplied with baby or mono 
cells, for example, portable TV sets, 
video recorders and battery-powered 
cassette recorders. In such instances 
these batteries are a cost-saving alterna- 
tive to non-rechargeable batteries. Com- 
pared to the NiCad batteries they are 
very easy to recharge since they can 
remain inside the equipment. The power 
supply/charger is simply connected to 
the power supply socket of the device. 
It then takes over from the mains power 
supply while simultaneously recharging 
the batteries. As soon as the batteries 
are fully charged, they are topped up 
with a small ‘stand-by’ current. The 
charger may remain connected to the 
device for an unlimited period of 
time. 

The moment the mains plug is pulled 
out, the batteries automatically power 
the device, since they are permanently 
connected. The equipment merely has 
to be connected to the mains again for 
the batteries to be recharged. 

The printed circuit board for the lead 
acid battery charger is designed to 
accommodate various versions, with 
one or two minor modifications in 
component values. A choice may be 
made between an output voltage of 6 V 
with a maximum charge current of 
either 1 or 3A and an output voltage 
of 12V, again with either 1 or 3A 
charge current. The charger is well 
protected against major disasters, such 
as short circuits, wrong polarity and/or 
power supply failure. It is almost im- 
possible to damage either the batteries 
or the charger. 

To make things easier, a LED is 
provided which lights up when the 
battery is connected the wrong way 
round. A second LED illuminates when 
the charge current starts to flow and 
goes out when this drops below a cer- 
tain level (the battery is fully charged) 
or in the event of a short circuit. 

One of the main advantages of the cir- 
cuit is its size. In spite of its com- 
pactness the printed circuit board has 
ample space for all the components. The 
charger board plus components cost 
much less than a ready-made charger. 


Lead acid batteries vs. NiCads 

Despite the fact that rechargeable dry 
batteries have improved in recent years 
and do not cause pollution like their 
NiCad counterparts, this form of power 
supply is steadily losing popularity. 

One of the main reasons for this is that 
dry lead acid batteries start to be avail- 
able from a nominal capacitance of 
1 Ah, NiCads on the other hand can be 
acquired at much lower values. The 
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Figure 1. The lead battery charger circuit. Basically, it consists of a regulated power supply including limiting, polarity protection and LEDs to 
ndicate the polarity of the battery and the output current. The component values shown in brackets refer to the 12 V circuit. 


ninimum nominal capacitance of 1 Ah 

‘oughly corresponds to a single cell (the 

‘ound cell by General Electric), whereas 

Sonnenschein offers series that can be 

iubstituted for 4 or 6 baby or single 

sells. 

Zompared to NiCads, lead acid batteries 

yave the following advantages: 

» The cell voltage is 66% higher, since it 
has a nominal value of 2 V. 

» It is very straightforward to control 
with the aid of a specific ‘full’ charge 
voltage. 

‘ They react better to both high and 
low temperatures. 

’ They present a very low discharge. In 
fact they still rate 50% of their nom- 

ral capacitance after 16 months’ quiesc- 

nce at 20°C. 

» There is no danger of damage and loss 
of capacitance caused by changing 

re polarity when the batteries are over- 

ischarged. 

t is not wise to store over-discharged 

atteries for more than four weeks 

sithout being recharged. Their current 

sarrying capacity is very good. Dryfit 
batteries, for instance, that have a 
1.1 Ah rating, can be loaded with up to 
40 A. Very few NiCad types can beat 
that. But what about the disadvantages? 
As already stated before, low values are 
not available. Apart from this they have 
a few other drawbacks. Their lifespan 
is relatively short and they cannot 
always be charged rapidly. NiCad manu- 
facturers claim their batteries provide 
500 times the nominal capacitance; 
whereas Sonnenschein types can only 
manage a factor of 200 and up to 1000 
charging cycles in the case of partial 
discharge. This may sound a lot less, but 
in practice such batteries enable model 
enthusiasts to run a boat for several 
years. 


Even readers who are not interested in 
leak-proof lead acid batteries, may find 
a useful occupation for the charger 
described here. The circuit will act as 
an efficient 6 V or 12 V power supply 
and can also be used to charge car 
batteries. 


The circuit 


The circuit charges sealed lead acid 
batteries in a very straightforward 
manner. Readers merely have to keep an 
eye on the charge voltage and make sure 
this does not exceed 2.3 V per cell, to 
prevent an overcharge. Contrary to 
NiCad batteries, the initial charge state 
(partial discharge) is totally irrelevant. 
As a power supply therefore, the circuit 
is fully stabilised. In addition, the 
charge current should be limited too, so 
as to avoid an overload condition, since 
it can cope quite easily with high initial 
charge currents. The lead acid battery 
charger circuit is centred around the 
indispensable 723 1C. This meets the 
precisely calibrated output voltage 
and current limiting requirements. The 
trouble is, the IC will not survive if a 
battery is connected with the wrong 
polarity, so that the circuit must include 
some form of charge current and po- 
larity indication. 

Figure 1 shows the result. As opposed 
to the standard 723 circuit shown in 
figure 2, the version in figure 1 uses 
fewer pin connections but more exter- 
nal components. These measures had to 
be taken to protect the IC against nega- 
tive voltages in the event of an incor- 
rectly connected battery. Obviously, 
the fewer pins there are to protect, the 
easier it is to shield the IC. The 723 now 
merely acts as a reference voltage source 


and transistors T1... 15 constitute the 
opamp, the output stage and the current 
limiter. 

The voltage divider R1,R2 divides the 
nominal reference voltage of 7.15 V at 
pin 6 down to 6 V at pin 5. This enables 
an output voltage of 6.9 V to be im- 
plemented for the 6 V circuit. Pin 5 is 
the non-inverting input of the opamp 
inside the 723. The output voltage is 
fed back by way of the voltage divider 
R10, P1 and R11 to the inverting input 
of the opamp (pin 4). Capacitor C3 
serves to prevent oscillation and is con- 
nected between pin 4 and the output of 
the opamp at pin 13. 

Diodes D7 and D8 protect the circuit 
against polarity confusion by limiting 
the negative voltage to 0.7 V. The 
darlington output stage consists of 
T1...7T3 and provides the necessary 
current amplification. T3, a 2N3055, 
is well equipped to cope with the 
amount of dissipation expected due to 
the difference in voltage level between 
the non-calibrated voltage at the charge 
capacitor C1 and the output voltage 
(and current). 

T4 limits the output current. As soon as 
the voltage at the ‘current sensor 
resistors’, R4 and R5, drops to about 
0.6 V, T4 starts to conduct and draws 
base drive current from T1. This stops 
the output current from rising any 
further. 

T5 is connected in parallel to T4. Nor- 
mally speaking, T5 does not conduct 
since its base voltage does not get a 
chance to become more positive than 
that at the emitter. This situation will 
only alter if a battery is connected with 
the wrong polarity. D9 will now be 
forward biased, enabling the transistor 
to be supplied with base drive current 
by way of R7. The transistor starts to 
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Figure 2. By way of comparison! The standard power supply circuit using a 723 IC. 
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Figure 3. The charger printed circuit board. This will accommodate all four (6/12 V output 
voltage, 1/3 A output current) circuit configurations. The component values that refer to the 
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12 V and 3 A circuits are indicated in brackets in the parts list. 


conduct and practically ‘shorts’ the base 
emitter voltage produced by T1...T3. 
The latter transistors will therefore be 
unable to conduct, which is the object 
of the exercise, for now no current can 
flow through this section of the circuit. 
Without this measure the battery would 
‘short’ by way of D5 (or by way of D2 
and D3 if D5 is not included). D5 
protects pin 12 of the 723 IC, 

Now for the indicator section of the 
circuit. LED D12 is usually ‘off’. It will 
only light up, if the positive terminal 
at the output and the negative terminal 
are inverted. This happens if the battery 
is connected incorrectly, 

On the other hand, D11 is included in 
the collector circuit around T6, It lights 
as soon as T6 conducts, which occurs 
whenever the voltage at R8 drops to the 
level of the base emitter threshold vol- 
tage (about 0.6 V). Since R8 has the 
relatively high value of 56 2, the vol- 
tage level concerned will be reached at 
an output current as low as 10 mA. 
Thus, D11 is an excellent means of 
controlling the charge current: it lights 
the moment a nominal charge current 
starts to flow. Diode D6 is connected in 
parallel to R8 to allow the charge 


Le 


Parts list 
Values in brackets: 12 V version 


Resistors: 

R1 = 6802 

R2 = 3k3 

R3 = 2k2 

R4,R5 = 1 2/0.5 W, 
for 3 A: 0.33 2/1 W 

R6 = 22k 

R7 = 4k7 (10 k) 

R8=562 

R9 = 100 2 

R10 = wire link (6k8) 

R11 = 4k7 

R12 = 470 2 (680 2) 

P1 = 2k5 preset 


Capacitors: 
C1 = 1000 4/16 V (25 V), 
for 3 A: 2200 u/16 V (25 V) 
C2,C4 = 100 n 
C3=10n 


Semiconductors: 
D1...D6=1N4001 
for 3 A: 1N5401 
D7...D10=1N4148 
D11,D12=LED 
T1,74,T5 = BC547B 
T2 = BD 135, BD 137, BD 139 
T3 = 2N3055, for 12 V/3 A: 
2 x 2N3055 
T6 = BC557B 
1C1 = 723 


Miscellaneous: 
Tr1 = mains transformer for 
6V/1A: 10 V/1.5 Asec. 
12V/1A: 18 V/1.5 A sec. 
6 V/3 A: 10 V/5 A sec. 
12V/3 A: 18 V/5 A sec, 
S1 = mains switch 
F1 = slow 500 mA fuse 
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current to rise above 10 mA, if necess- 
ary. LED D11 is lit, provided a charge 
current flows through the circuit, the 
battery polarity is correct and no short 
circuit is produced at the output. 


1 A operation 

The circuit can be constructed for 
either 6 V or 12 V. The component 
values required for the 12 V version are 
indicated in brackets in the circuit 
diagram and the parts list. Apart from 
the transformer and the electrolytic 
capacitor only three resistors (R7, R10 
and R12) have to be modified, if the 
12 V version is chosen. 

Where 6 V batteries have to be charged, 
the output voltage is adjusted with P1 
to 6.9 V (£0.1 V) when the circuit is 
quiescent. This can be done with a 
multimeter. In the case of 12 V batter- 
ies, the quiescent voltage of the charger 
must be adjusted to 13.8 V (0.1 V). 
Transistor T3 must always be cooled, 
In 1A applications, however, the heat 
sink can be relatively small and can even 
be omitted if the transistor is mounted 
on the back of a metal case. 


4 


Heat sink 
c/w 
2N3055 


3 A operation 

The above also applies to 6 V/3 A and 
12 V/3 A circuits, only now the trans- 
former, capacitor C2, diodes D1... D6, 
R4 and R5 must be modified to cope 
with the higher output current. The new 
values are indicated in the parts list. In 
the 3A output current circuits, cooling 
transistor T3 is a little more critical. At 
an output voltage of 6 V, a heat sink of 
2°C per Watt will guarantee enough heat 
dissipation even if a short circuit con- 
dition lasts for a relatively long time. At 
12 V the transistors have to dissipate a 
considerable amount of power. In the 
case of a short circuit, T3 has to get rid 
of some 50 Watt. Provided the short 


* circuit does not last longer than a few 


minutes, a heat sink may be used with a 
heat resistance of 1.5°C per Watt. If the 
circuit is to be short proof for longer 
periods, however, it is advisable to 
distribute the output power between 
two transistors, as shown in figure 3. 


Charging car batteries 

The 3A version is particularly suitable 
for charging car batteries. About 36 Ah 
can be charged during the night. Using 


2x Heat sink 


Figure 4. This drawing shows how transistor T3 may be replaced by two transistors connected 
in series. Another solution is to mount T3 without a mica washer and to apply heat conductive 
paste to a heat sink having a heat resistance of less than 1°C/W. 
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Figure 5. Terminal voltage of a 12 V car battery during the charge and discharge process. The 
output voltage must be set at about 16 V to ensure the car battery is fully charged. 


the indicated output voltages of either 
6.9 V or 13.8 V, starter batteries can be 
recharged to about 75% of their nom- 
inal capacitance. Generally, this should 
be enough to revive a dead battery. 
Furthermore, the battery can be con- 
nected for an unlimited length of time 
at these voltage levels. Readers who 
intend to use the charger for this 
purpose only should set the output vol- 
tage at a higher value to be on the safe 
side. If 2.4 V is provided per cell, the 
battery will reach 80% of its nominal 
value and 2.65 V will bring it up to 
100%. Once the battery is fully charged, 
topping it up any further will damage 
it in the long run. If the battery is to be 
charged overnight, an output voltage 
of either 8V or 16 V will be perfectly 
safe, but do not forget to disconnect the 
charger in the morning! 

With regard to R4 and R5, they may be 
replaced by a single resistor that has half 
the value but double the load capacity, 
such as 0.47 {2/W for 1 A, for instance. 

The LEDs may be any colour, since it 
makes no difference to the circuit. In 
the prototype the charge control LED 
(D11) was green and the polarity 


indicator (D12) was red. 
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blue LEDs 


Silicon carbide is by no means a ‘new’ 
semiconductor material, even though it 
has come into vogue only fairly recently. 
In fact it is one of the oldest materials, 
its electroluminescence being reported 
by Round as early as 1907 (Round was 
working with SiC crystals at that time). 
As far as its semiconductor properties 
are concerned, SiC is similar to silicon, 
but there are several essential differ- 
ences. SiC has a non-axial crystal struc- 
ture, a large unit cell and a large band 
gap, meaning that the physical phenom- 
ena observed are extremely complicated 
to interpret. 

Unlike other large-gap semiconductors, 
SiC can easily be doped both p- and n- 
type, although involved techniques have 
to be developed to deal with its extreme 
hardness and chemical inertness. For this 
reason the amount of research that has 


blue LEDs 


silicon carbide may provide the answer 


Large-gap semiconductors are potentially useful materials for the 
manufacture of light-emitting diodes. Their spectral range now 
includes the blue and ultra-violet regions. In addition, some of the 
materials can be used to manufacture high-power microwave devices 
and sensors for high-temperature operation. 

During the past three years, the physical properties of SiC (silicon 
carbide) have been the subject of an enlightening study. This article 
describes this semiconductor material and shows how blue-emitting 
SiC diodes can be produced by methods similar to those for existing 
GaAs (gallium arsenide) or GaP (gallium phosphide) devices. 


been carried out to date is rather 
limited. Furthermore, scientists have as 
yet failed to come up with a practical 
method for processing single-crystal 
silicon carbide, which is essential if the 
semiconductor material is to be im- 
plemented in electronics. 

Consequently, semiconductors were in- 
itially made of germanium and later 
silicon, using increasingly advanced 
technology. It is only now, when the 
sky seems to be the limit as far as silicon 
applications are concerned, that less 
common semiconductor materials, such 
as gallium, arsenic and silicon carbide, 
are being rediscovered. This is because 
there are a few areas in electronics to 
which they are particularly suited. 
Gallium, for instance, is ideal in LEDs 
and RF semiconductors. Now that 
silicon carbide has been found to emit 
blue light, the ‘file’ dating back to 1907 
has as last been reopened. But before we 
examine the properties of SiC in detail, 
let us find out how semiconductors emit 
light in general. 


Semiconductor light 

Any semiconductor will emit light at 
a certain temperature. The material goes 
dark red in the 700... 900°C range and 
literally white hot at higher temperature 
levels. The semiconductor will then 
behave in the same way as a light bulb 
or even the flame of a candle. Due to 
their luminescence, however, semicon- 
ductors also emit light at much lower 
temperatures. The term ‘luminescence’ 
was introduced by Wiedemann in 1889 
to denote any form of light emission 
that is not caused by the temperature of 
the light-emitting material. It is a 
common phenomenon and can be seen 
in fluorescent TV screens, etc. 


Table 1. 
emission Hew fates 
material Pane oa wave length ee Peers 
nm 

germanium 0.66 - - indirect 
silicon 1.09 = = indirect 
gallium 1.43 910 infrared direct 
arsenide 
gallium 1.91 650 red direct 
arsenide 
phosphide 
gallium 2.24 560 green indirect 
phosphide 
silicon 25 490 blue indirect 
carbide 
gallium 3.1 400 violet indirect 
nitrite 

Table 1. The band-energy gap and radiated wavelengths of various semiconductor materials. 
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Figure 1. Visible light is part of the electromagnetic spectrum and ranges from the 380 (violet) 


to the 780 nm (dark red) wavelength. 
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Figure 2. The light emission principle, as 
represented in Bohr’s atomic model. Stimu- 
lated (energized) electrons are launched into 
a higher (further away from the nucleus) 
more energetic band. During light emission, 
the electrons return from the outer band to 
one on the inside. The difference in energy 
between the two bands is radiated as light. 


Light emissions are based on the follow- 
ing principle. When an atom is supplied 
with energy, it is stimulated and absorbs 
the energy. An atom can only be 
energized very briefly before returning 
to its stable ground state. The absorbed 
energy is then released as electro- 
magnetic radiation which assumes the 
form of visible light when it coincides 
with a certain wavelength, 

Bohr’s atomic model as illustrated in 
figure 2, can be used to visualise this 
process: atoms move in a fixed orbit 
around the nucleus, rather like planets 
around the sun. Energy in the form of 
a high-speed electron is propelled in 
from the exterior and collides with one 
of the electrons belonging to an atom. 
This absorbs the incoming energy and is 
launched into a higher, more powerful 
orbit. The whole process lasts a very 
short time, after which the electron 
returns to its original position while 
releasing its surplus energy. The wave- 
length of the emitted radiation depends 
on the difference between the energized 
and the non-energized state. In the 
380...750nm range (see figure 1) the 
radiation will be visible as light. Atoms 
can be stimulated in other ways as well, 
with the aid of X-rays, light, particle 
radiation, or heat, for instance. 

The same principle applies to lumi- 
nescence in semiconductor materials. 
Again, light is produced by electrons 
returning from a high energy to a low 
energy state while releasing their excess 
energy, usually in the form of heat 
(phonon vibration), but sometimes as 
radiation (photons) in the infrared and 
visible light range. 

The charge carrier energy dissipation 
process described above occurs in the 
polarised pn junction of a diode that is 
forward biased. To understand this 
process, let us make a short ‘excursion’ 
into semiconductor technology. 
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Figure 3, Band structure in solids. Figure 3a: the conduction band, no gap. Figure 3b: the 
valence band, wide gap. Figure 3c: semiconductor, narrow gap. This enables electrons (valence 
electrons) to be energized and catapulted from the valence band to the conduction band. 


ees 


In semiconductor materials, electrons 
assume certain levels of energy only. 
The valence band and the conduction 
band both have the highest energy levels 
for electrons in normal semiconductor 
materials. The separation between the 
top of the valence band and the bottom 
of the conduction band is known as the 
energy gap and is shown in figure 3. If 
the semiconductor material is pure, 
electrons can not exist in this ‘forbidden’ 
gap. Electronic states are produced in 
the gap by introducing impurities. The 
maximum energy level of the emitted 
photons is determined by the band gap 
energy of the solid in which the pn junc- 
tion is formed. Suitable materials for 
LED devices are GaAs, GaP and SiC. 
Thus, blue light having a wavelength of 
380...440nm in the short wave 
region of the emission spectrum can 


only be derived from semiconductor 
materials that have a corresponding 
band gap. This is why gallium junctions, 
for instance, cannot emit blue light. 
Table 1 provides a survey of various 
semiconductor materials and lists them 
according to their band gap, wavelength 
(if available) and radiation range. 


Semiconductor photo diodes 

Figure 4 shows the structure of a semi- 
conductor photo diode. It consists of n 
doped and p doped semiconductor 
material. The area between the p zone 
and the nZone is called the boundary 
layer or junction, in which the illumi- 
nating recombination occurs. The 
doping material in the p zone contains 
atoms which all have one valence elec- 
tron less than semiconductor material. 
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forward direction (positive pole of the 
battery at the pside, negative pole at 
the nside), electrons and holes are 
injected into the boundary layer. Now 
holes belonging to the p side reach the n 
zone and ‘recombine’ with the abundant 
free electrons. Similarly, electrons are 
sent from the n side to the p zone where 
they also recombine. 

A distinction is made between direct 
recombination (where an electron is 
moved directly from the conduction 
band into a hole in the valence band) 
and indirect recombination (where the 
recombination is not carried out directly 
between the bands, but between the 
bands and the transition levels between 
them). This is shown in figure 5. The 
most favourable ratios are obtained 
using ‘direct’ semiconductors (able to 
be recombined directly), which emit 
light provided the band gap width is 
sufficient. Indirect semiconductors are 
also able to emit light at a certain band 
Photo 1. X-ray of a silicon carbide wafer which can be used in spite of the irregularities shown, | gap width. This can be controlled by 
injecting foreign atoms, ‘iso-electronic 
centres’. GaP LEDs, for instance, are 
4 doped with nitrogen to make them emit 
green light. Injecting zinc oxide, on the 
other hand, causes them to emit red 
light. 


Silicon carbide for blue LEDs 

As can be seen from Table 1, silicon 
carbide constitutes an indirect type of 
semiconductor with a large band gap. 
This allows visible radiation to occur 
within a wide colour range, so that even 
blue light may be produced. Various 
colours are obtained at different tran- 
Casas sition levels. As opposed to GaN (gal- 
lium nitrite) and Zn (S,Se) junctions, 
SiC can be p and n doped without any 
difficulty. The trouble is, SiC junctions 
have a low luminescence performance. 
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Figure 4. Block diagram of a pn junction (semiconductor diode). The p conductive material 
contains ‘holes’ (where electrons are lacking), whereas the n material features too many elec- 
trons, In the contact or boundary zone, an area free of charge carriers is produced due to 


recombination. Holes ‘swallow’ electrons, so that both holes and electrons disappear from the Once a suitable iso-electronic recom- 
conduction band. Charge carriers are unable to cross this barrier until a forward voltage is bination centre has been found, the 
connected that exceeds the threshold value. luminescence will be improved. SiC 


As a result, the ‘acceptor’ ions remove 
the valence electrons from the semi- 
conductor atoms, leaving a series of 
‘holes’! The electrons represent mobile 
positive charge carriers and are called p 
semiconductors. The exact opposite 
happens in n semiconductors, where the 
doping material contains one valence 
electron more than semiconductor 
material. Since the electron is superflu- 
ous, it is released as a free electron by 
the doping material or ‘donor’. When 
the junction is not provided with a 
voltage, the holes and electrons in this 
region exchange their charges. As a 
result, a narrow strip on both sides of 
the boundary layer is totally deprived 
of mobile charge carriers. At the same 
time, the positively charged donor ions 
in the n zone and the negatively charged 
acceptor ions in the p zone remain 
within the region and build up a space Photo 2. X-ray of a badly damaged silicon carbide wafer. 
charge. By applying a voltage in the 
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Figure 5. Recombination of electrons and holes. Once a forward voltage is connected, electrons 
and holes are injected into the barrier zone and reach the other side. Holes and electrons 
recombine, that is, the electrons leave the conduction band and fill the vacancies (holes) in the 
valence band. The difference in energy is radiated in the form of an electromagnetic wave which 
illuminates the LED. 
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Photo 3. An LED chip mounted in a TO-18 case. 
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Figure 6. Cross-section of an SiC LED chip. 
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involves technological problems as ‘wat | 
due to the high temperature require- 
ments for the epitaxial and gas etching 
processes. Once these problems have 
been solved, SiC single crystal wafers 
will be able to be produced on a large 
scale. At present, relatively small wafers, 
about 15 mm in diameter, are available. 
Research in this field is being carried 
out in the United States, Japan, West 
Germany and Russia. 

Pn junctions are usually fabricated 
according to the epitaxial method. 
Interesting results have been obtained 
in Japan by Matsunami and in West 
Germany by Von Minch and Kiirzinger. 


Fabricating blue LEDs 


SiC crystal chips constitute the raw 
material. Only two methods (Acheson 
and Lely) exist to manufacture a fairly 
low yield of SiC chips. Not only do the 
crystals have to be ground and polished, 
but each one has to be inspected care- 
fully to see whether it is suitable. Since 
the crystals are made of sand containing 
aluminium, the wafer material is p con- 
ductive by nature. Crystal impurities 
are ‘shown up’ by covering the chip 
surface in an oxide layer and then X- 
raying the surface. 

First of all, an n conductive layer is 
required to provide a pn junction 
(diode). During the epitaxial process, a 
p conductive SiC layer grows on top of 
the substrate as shown in figure 6. The 
deposition of SiC layers takes place in 
a graphite crucible filled with a silicon 
carbon melt under the influence of a 
temperature gradient. The silicon melt 
is injected with aluminium to p dope 
the epitaxial layer growing on the 
substrate. In the 1600... 1700°C range 
an epitaxial layer of about 30 um is 
obtained after roughly 35 minutes. 
Then nitrogen is injected to provide an 
n doped layer. The result is a pn junc- 
tion. The process is illustrated by the 
graph in figure 7. ‘ 


7 


-—2—. motallisation 


Figure 7. The temperature curve in the 
epitaxial process, during which a p doped 
and then an n doped (with the addition of 
nitrogen) layer is produced on a silicon 
carbide wafer. 
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blue LEDs 


Photo 4. Close-up of LEDs on a silicon carbide wafer. Each square has a circular mesa etched 
surface with an n doped layer at its centre. 
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Figure 8. Figure 8a shows the emission spectrum of a blue silicon carbide LED. Figure 8b rep- 
resents the spectra of various other types of LEDs. The sensitivity curve of the human eye is 
shown as a dotted line. 


Initially, the production yield was only 
30%, but this could be increased to 
more than 70% by introducing a new 
temperature/time cycle and by improv- 
ing the melting crucible. The remaining 
percentage of rejects is mainly due to 
imperfect substrates. 

The performance of SiC chips pro- 
gressed considerably once the alu- 
minium concentration in the p layer was 
increased. Attempts to modify the 
nitrogen constituent in the n layer, on 
the other hand, had no effect whatso- 
ever. 

The end product is sawn into individual 
chips with a surface area of 0.6x 
0.6 mm?. It should be noted that this 
type of chip ages very quickly. Sawing 
the material damages the edges of the 
chip, causing the light to appear 
greenish in colour. This may be avoided 
by mesa etching the material before it 
is sawn into chips. First of all, an oxide 
pattern is mounted through photo 
illumination, after which the chip 
surface that is not protected by an 
oxide layer is etched off at 1000°C 
using a mixture of chlorine, oxygen and 
gas. The result is a circular mound 
(mesa = table), 0.4 mm in diameter, in 
the middle of the chip. This does not 
affect the outside measurements. 

Once the chips have been etched and 
separated, they must be provided with 
contacts. The upper surface is covered 
in nickel and then gold, whereas the p 
side is first covered in aluminium, then 
titan and finally gold. The n contact is 
bonded and the p contact is glued onto 
a carrier. Lastly, the chips are mounted 
and cast into a package. Cast chips 
afford better luminescence. 


Results and specifications 


Figure 8 shows the emission spectra 
of various LED types. SiC has a fairly 
wide emission spectrum, since an in- 
direct form of recombination radiation 
is involved with a maximum level at 
475 nm, which roughly corresponds to 
‘arctic blue’. The LEDs have a forward 
voltage of about 2.5 V, as can be seen 
from the graph in figure 9. 

The ageing process is illustrated in figure 
10. During the first thirty minutes, the 
chips go through a ‘warming-up’ period, 
Their efficiency drops to 70% of the 
initial value, after which it remains 
fairly constant. 

All in all, the SiC processing method is 
highly complicated, so that the chips are 
unlikely to be produced on a large scale 
within the near future. There is one 
small consolation, however ... The chip 
industry is interested in using silicon 
carbide as a basis for RF power semi- 
conductors. Once significant advances 
have been made in this area, therefore, 
and a suitable growth process for large 
silicon carbide single-crystals has been 
found, blue LEDs will also be available. 
They will be manufactured as a by- 
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Figure 9. The voltage curve of a blue LED. The ‘warm-up’ voltage is about 2.5 V. 
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Figure 10. The ageing process in blue LEDs. After about 30 minutes, the performance remains 
at a constant level. This is 70% of the initial value. 
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EPROM programmer (E 81) 


For the 2732 to be programmed according to 
the software table, the circuit has to be 
modified as shown in the drawing. (The 
alterations do not affect the programming of 
the 2716). As can be seen, the wire link 
immediately above IC3 is removed. One of 
the disconnected points (linked to pin 18 of 
the EPROM) is connected to pin6 of 1C12., 
The other is connected to pin 5 of 1C12. 
Next, Sic is wired in the manner shown: it 
therefore becomes a three-way switch. As far 
as 1C12 is concerned, N12...N16=1C12= 
74LS86, 


FFL Fr? 108 7ats74 
NiN2'= i100 = 7aL500 


oF mW 
18,06» 10, 400 mW 


In the parts list R5 and R6 are indicated as 
220kQ, but should be 120k and 270k 
respectively. The values in the circuit diagram 
are correct. 

It should be noted that pin 4c of the con- 
nector is not grounded on the printed circuit 
board (= 4a, 16 a,c and 32 a), so make sure it 
is grounded on the bus board! 

All the modifications mentioned have been 
included in a fresh batch of printed circuit 
boards. 

The listing on page 1-30 contains an error. 
Line 6540 should read: 6546: 6217 DO EA. 


= 
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A/D and D/A conversion 


Admittedly, most readers will be 
familiar with A/D and D/A conversion 
processes that are the heart of any 
digital transmission system. For such 
conversions are part and parcel of digital 
voltmeters, thermometers, frequency 
counters, etc. which are published 
regularly in Elektor. 

In the audio field, however, digital tech- 
nology has, as it were, been newly dis- 
covered. A digital audio circuit appeared 
in Elektor in May 1978, the ‘digital 
reverberation unit’. Here, analogue 
input signals were digitised inside a 
‘delta modulator’. The digital data was 
transmitted serially by way of a shift 
register and thus ‘delayed’. This was 
followed by a D/A conversion using the 
delta modulation method. 


processor system. For whatever purpose 
the circuit is used, the transfer channel 
must always be modified to the system's 
requirements, rather than the other way 
around. 

Data transfer may be either in serial or 
parallel form. Again, which method is 
selected depends on the particular appli- 
cation of the circuit. Like the examples 
mentioned earlier, the system intro- 
duced here involves parallel transfer. Of 
course, once the conversion in question 
has been completed, serial data transfer 
is equally possible. 

The purpose of this article is to show 
how data is prepared for transfer and 
how the original analogue signals can be 
regained afterwards. Since we wish to 
transfer signals whose logic state is 


A/D and DA conversion 


digital transmission 
using inexpensive ICs 


There’s no doubt about it: digital 
systems are ‘in’ and analogue 
systems are on the way ‘out’. Even 
the audio field which used to be a 
sanctuary for analogue adepts has 
begun to be ‘digitised’, as the 
article on ‘digital audio’, published 
in Elektor in June 1981, pointed 
out. However revolutionary the 
latest technological developments 
may seem, they all have a single, 
common purpose: data transfer. 
As everyone knows, it is 
preferable to transfer data in 
digital, rather than analogue, form 
for a variety of reasons. But until 
quite recently, the technology 
required just wasn’t economically 
viable. 

Meanwhile chip production has 
made such terrific progress that 
even amateur electronics 
enthusiasts can afford to 
experiment with digital circuits, 
such as the one described in this 
article. 


T. Schaerer 


Digital data transfer 


In principle, data transmission always 
follows a set procedure: information is 
sent from a data source (the transmit- 
ter) to a data sink (the receiver) through 
a specific transfer channel. Basically, 
what happens is that data is trans- 
mitted into the channel in digital form 
and is passed on ‘one way or another’, 
so that it is available as digital infor- 
mation at the receiver end of the 
channel. The ‘one way or another’ 
leaves the user plenty of scope for 
realising his/her own ideas. In other 
words, the actual method of transferring 
the data is more or less left to the 
imagination of the user. There are end- 
less possibilities. 

A delay system can be built for electro- 
acoustic purposes (an example of which 
will be dealt with later). The transfer 
channel may even be a complete micro- 


continually changing, the actual A/D 
conversion is rather slow and will be 
elaborated upon later. (The D/A conver- 
sion, on the other hand is almost 
immediate.) The conversions can be 
achieved very easily thanks to two 
readily available, low-cost ICs, the 
ZN 426 and the ZN 427 from Ferranti. 
These ICs are very versatile and can be 
used in the various circuits referred to 
previously. 


Analogue-to-digital conversion 

A/D conversion falls into two main 
categories. The first initially converts 
the input signal into another analogue 
signal that is proportional to it and then 
digitises it. In this case the analogue 
‘time’ or ‘frequency’ instantaneous 
value is digitised, after which it is 
measured by means of a straightforward 
counting operation. Such a system 
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Figure 1. The internal structure of the ZN 427 A/D converter. 
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Figure 2, The operation of a successive approximation A/D converter is illustrated by this 


graph. 


would contain a single slope, a dual 
slope and a voltage/frequency converter. 
It constitutes a straightforward means 
of reaching a high degree of accuracy. 
The conversion time is around 1.. 
..100ms, which is rather slow. The 
converters are very sophisticated inte- 
grated circuits and are available with 
dual coded parallel outputs, parallel 
BCD outputs, BCD multiplex outputs, 
parallel seven-segment outputs or seven- 
segment multiplex outputs. Generally 
speaking, they are used in digital dis- 
plays. 

In the second category the amplitude of 
the input signal is directly compared to 
a certain parameter. Converters that use 
counting, successive approximation and 
direct methods all belong to this second 
category. 

The fastest type of A/D conversion is 
achieved by the ‘direct’ method. The 
scale is divided into such minute steps 
that whenever one of these corresponds 
to the amplitude of the input signal, 
either a logic 1 or a logic O is obtained. 


This has the advantage that it reduces 
the conversion time to as little as 
85 ns (!). 

To find out what the successive approxi- 
mation method entails, let us examine 
the ZN427 IC used in this circuit. 
Figure 1 shows the internal structure of 
the IC in the form of a block diagram. 
Where successive approximation is con- 
cerned, the scale is not divided into 
equal steps, but into binary stages. This 
requires a reference voltage (Uref) and 
a resistor ladder network (R-2R ladder) 
to produce the binary graduated refer- 
ence voltages. The analogue input signal 
is compared to each binary coded volt- 
age in turn, starting with the level 
corresponding to the most significant 
bit. If the analogue voltage is greater 
the MSB remains set to a ‘1’, other- 
wise it is reset to ‘0’. The next bit is 
then tested in the same way, and so on 
until the least significant bit is reached. 
The final binary code is passed through 
the 3-state buffers to provide the digital 
output data. The section in figure 1 


marked ‘successive approximation regis- 
ter’ contains a ring counter which con- 
trols the analogue voltage switches and 
the 3-state output buffers. The required 
clock signal is provided by an external 
source. The command to start the con- 
version (START CONVERSION) must, 
of course, also be produced externally. 
When the conversion is complete, the 
END OF CONVERSION output will go 
high and will remain high until the next 
START CONVERSION pulse. 

The conversion procedure is as follows: 
The START CONVERSION command 
resets the successive approximation 
register at the beginning of each 
measurement. Then a voltage level of 
exactly half the reference voltage 
(Uref), which corresponds to the. most 
significant bit of the D/A converter 
inside the ZN 427, is fed to the com- 
parator. If this level is less than the 
comparator input voltage. Vjn, the 
comparator output will go high and the 
MSB will remain set. If, on the other 
hand, it is greater than the comparator 
input voltage, the output of the com- 
parator will go low and the MSB will be 
reset. If the MSB remains set the corre- 
sponding test voltage will remain con- 
nected to the comparator, if the MSB is 
reset, the voltage will be disconnected. 
The following test signal to be fed to 
the comparator will be exactly half the 
level of the previous one and _ will 
correspond to the next significant bit of 
the D/A output. Again, the two com- 
parator voltages are compared and the 
result ‘remembered’ by setting or re- 
setting the particular data bit. And so 
on down the chain until the least signifi- 
cant bit is reached. If any of the com- 
parisons result in a bit being set, the 
next reference voltage is added to the 
previous one(s). This is illustrated in the 
conversion graph given in figure 2. At 
the end of the process, after the voltage 
corresponding to the least significant bit 
has been tested, the number of ‘positive’ 
comparisons (bits set) will indicate the 
binary value of the input voltage. The 
conversion time, TU, is totally indepen- 
dent of the input voltage and will be 
equal to Nx Ty where an N bit con- 
verter is used. The time Ty corresponds 
to the period of the clock frequency. 


Digital-to-analogue conversion 

D/A conversion occurs in the ZN 427 IC 
mentioned earlier with regard to ob- 
taining the (binary) reference voltages 
from Uref. The principle behind the 
conversion is illustrated in the block 
diagram in figure 3. Every junction in 
the Po...Py\_yrange has two paths 
leading to 0 V by way of a total resist- 
ance of 2R. The component currents 
derived from each branch flow through 
the load resistor RA and produce a 
voltage Ua. This can be calculated as 
follows: 


N 


where Z represents the value being con- 


Ua=2-UN: 
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verted and N the number of binary 
stages. 

The block diagram in figure 4 shows the 
internal structure of the ZN426 D/A 
converter IC. This 8 bit converter con- 
tains a resistor ladder network consisting 
of eight stages. The conversion time is 
2us. 


The digital transmission circuit 
Figure 5 shows the data transmission 
circuit which includes the ZN 427 
A/D converter and the ZN426 D/A 
converter. These ICs are widely avail- 
able, relatively inexpensive and are 
particularly suitable for use in audio 
applications. Since the typical conver- 
sion time of the A/D converter is 15 us 
(clock frequency = 600 kHz), a sample 
and hold circuit is not necessary here. 
If, however, input signals have to be 
‘frozen’ for a certain period of time, the 
circuit in figure 8 can be added. For the 
full details concerning the operation of 
the circuit and the ICs, readers are 
referred to the data sheets mentioned in 
the list at the end of this article. 

Upon examining the timing of the A/D 
conversion, as described in the data 
sheet, it can be seen that the ‘start 
conversion’ pulse has to be generated at 
specific minimum intervals following 
the positive and negative going edges of 
the clock signal. This is solved in the 
circuit in figure 5 by means of ‘pulse 
processing logic’. This can even deal 
with system clock and data clock fre- 
quencies that are asynchronous with 
respect to each other. How this works is 
explained in the following paragraph 
and illustrated in the pulse diagram in 
figure 6. 


Pulse processing logic 

The clock frequency of the host micro- 
processor system can be used for the 
system clock. The pulse diagrams in 
figure 6 relate to a clock frequency of 
6.144 MHz used in certain micropro- 
cessors. A system clock of 2.048 MHz 
is exactly one third of that frequency. 
The maximum system clock in the A/D 
converter is 900 kHz. The system clock 
signal is divided by 4 with the aid of 
FF1...FF3 in the two-phase clock 
circuit. As a result, two 512 kHz signals 
that are 90° out of phase with each 
other are produced at the Q outputs of 
FF1 and FF3. Signal ‘2’ controls the 
clock input of the A/D converter. The 
conversion time will therefore be 
17.6 us. 

When the data clock enable input is 
high, the pulses at the data clock input 
will initially be stored in FF4. Upon the 
positive-going edge of clock signal ‘3’, 
the data clock pulse will be inverted 
when it reaches the system clock input 
of the A/D converter. After this the 
monoflop MMV2 resets the flipflops 
FF4 and FF5. Now the next start con- 
version pulse may be transmitted. Thus, 
the data clock pulse will always be syn- 
chronous to the system clock frequency 
and at the same time the conversion 


meets the parameters set by the manu- 
facturer. 

Something should be said about the 
selection of the data clock frequency. 
According to a well known data trans- 
mission law, the scanning rate must be 
at least double the maximum ‘oper- 
ational frequency’. A speech trans- 
mission with a maximum bandwidth 
requirement of 300... 3400 Hz would 
therefore need a frequency of 6800 Hz. 
For practical reasons, 8 kHz is usually 
chosen. 

Music transmissions are obviously much 
more demanding, needing a bandwidth 
of 16kHz. In such circuits the A/D 
converter has to give a very high per- 
formance, as can be seen from the 
following calculation. A bandwidth of 
16 kHz means a data clock frequency 
of at least 32kHz is required. This 
corresponds to a pulse spacing of 
31.25 us. The conversion time of the 
ICs will now be about half the interval 
between two data clock pulses! 


A/D and D/A conversion 


These processes have already been 
described in general. Readers who 
would like to know a little bit more on 
the subject should read the Ferranti 
‘Data Converter Technical Handbook’. 
During the 17.6 us conversion time, the 
end of conversion output (EOC) remains 
low. At the end of the conversion, how- 
ever, the level goes high, triggering 
monoflop MMV 2. This monoflop gener- 
ates a new data ready pulse lasting 
300ns which is transmitted together 
with the 8bit data signal before 
reaching the latch, IC8, in the form of a 
clock pulse, ‘Clear’ and ‘new data ready’ 
pulses are transmitted directly, without 
being processed, Finally, the data can be 
converted by IC7. 


The analogue interface 

We already mentioned the fact that a 
sample and hold circuit can be used as 
an analogue interface, if necessary. 
Which external components are required 
to prepare analogue input signals for 
conversion? In addition to the sample 
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Figure 3. The principle behind D/A 
conversion. Each 2R element is connected 
either to 0 V or Ureg via transistor switches. 
Binary weighted voltages are produced at the 
output of the ladder, the value being 
proportional to the digital input number. 


ry 


and hold circuit, a steep slope low pass 
filter for audio signals and a resistor 
ladder to preset the input parameters 
are required in the transmitter section. 
Similar components are needed in the 
receiver section to preset the output 
parameters and to filter audio signals. 

Preset potentiometers P1 and P2 (in 
figure 5) are calibrated so that sym- 
metrical input signals having an ampli- 
tude of +5 V (equivalent to 3.53 Vrms) 
can be processed. This value corresponds 
to ‘full scale deflection’ (+ 1S). This is 
done by linking the data outputs of IC6 
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Figure 4. The internal structure of the ZN 426 D/A converter. 
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Figure 5. The complete circuit diagram of a digital transmission system employing A/D and D/A conversion techniques. 


directly to the data input of IC8. A start 
conversion pulse of sufficient duration 
is provided and the data at the outputs 
of IC8 is examined after being con- 
verted. Now connect —4.9805 V (—FS + 
% LSB) to R1 and adjust P1, so that the 
output Q8 is just hovering in the ‘don’t 
care’ position (neither logic 1 nor 
logic 0), whereas all the other outputs 
are high. This procedure should be 
repeated at least once, Table 1 shows 
how the analogue input signal is ‘trans- 
lated’ into a digital output code. 

The signal at the analogue output of 


Table 1. 


analogue input signal output code 


+(FS— 1 LSB) 49444411 
+(FS — 2 LSB) 11111110 
+% FS 11000000 
+1 LSB 10000001 
0) 10000000 
—1 LSB 01111111 
—% FS 01000000 
—(FS —1 LSB) 00000001 
-FS 00000000 

2+ IFSI 

me aS 

FS=:5V 1 LSB =e 


Table 1. Bipolar logic coding. 


IC7 now reaches A1, The maximum 
output voltage is set with the aid of P3. 
Preset potentiometer P4 enables the 
output signal to be made symmetrical. 
At the same time all the inputs, except 
for ‘B1’, are pulled low. P4 is now 
adjusted until the output voltage of A1 
is OV (see table 1). 


The low-pass filter 

The outputs and inputs of a digital 
transmission system generally require a 
low-pass filter of at least fifth order. 
This serves to suppress any interfering 


Table 2. 


1 


cutoff frequency fp= SETAC! 
oH Re 


—3-dB-threshold 


fG © 1.1 + fp (R3= 6k8) 
frequency 


cutoff frequency gain ~ 1 dB (R3 = 6k8) 


36 dB/octave 
120 dB/decade 


gain in the forward = (21 +1)° R3 +1 
bias range R2 R4 


A = 3,85 (11.6 dB) 


slope in hold in range 


Table 2. Data and formulae for the 6th order 
low-pass filter in figure 7. 


image frequencies (mixture products) 
above half the data clock frequency. 
Figure 7 represents the structure of a 
low-pass filter of the sixth order. This 
can be constructed fairly easily with the 
aid of opamps (in this case 3 out of 4 in 
aTLO74). 

The filter has a O factor of one, which 
means there is a slight gain of about 
1 dB at the cutoff frequency. The cut- 
off frequency should be selected at 
around 10% below the required ‘—3 dB 
point’. This cancels out the gain. 
Attenuation is 36 dB per octave, Table 2 
contains the formulae for calculating 
the filter. For example: if a ‘HiFi band- 
width’ of 16 kHz is required, the cutoff 
frequency of the filter should be set to 
14.4 kHz. The value of R must then be 
11.05 kQ (or two 22kQ connected in 
parallel), whereas C = 1 nF. The advan- 
tage of this particular low-pass filter 
network of the second order is that all 
the frequency determining resistors and 
capacitors have the same values. There 
is, however, one snag: the gain is not 1x 
(O dB), but 11.6dB. To provide an 
adjustable filter Q factor, substitute R3 
for a 10k potentiometer. 


The sample and hold circuit 

The sample and hold circuit illustrated 
in figure 8 has been described before, 
for it was used in the ‘storage scope’ 
circuit published in June 1981 (E74, 
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Figure 6. The pulse diagram for the various control signals in figure 5. ' 
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p. 6-34). Here again the circuit was 
placed directly in front of an A/D 
converter, type ZN427, During the 
period that IC6 requires to carry out an 
A/D conversion, the EOC output is low. 
This ‘freezes’ the input signal. The 
input voltage for the converter remains 
at a constant level. This circuit is only 
needed, if the input signal alters during 
the conversion period by more than 
1 LSB. 

The IC consists of an amplifier with a 
current source output and can be 
switched on and off by means of a con- 
trol signal at pin 5. The 330 pF ‘hold’ 
capacitor stores the amplifier output 
signal. In other words, the gain can be 
adjusted by providing a control current 
at pin 5. The FET acts as a buffer with 
a very high input impedance to prevent 
the capacitor from discharging during 
the storage time. The FET output is 
linked to the inverting input of the 
amplifier by way of the 2k2 resistor. 
This makes sure that the output voltage 
of the circuit is the exact image of the 
input circuit during the sample phase 
of the amplifier. 


How to use the circuit 

For speech communication systems to 
be clearly intelligible in large rooms, the 
speech signal often needs to be delayed 
on its route to the loudspeakers. Sup- 
posing the orator is situated some 
30 metres away from the loudspeaker, 
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Figure 8. A simple sample-and-hold circuit which can be used if a slower clock rate than that 


shown in figure 5 is required. 


which is in the vicinity of the audience. 
The signal must then be delayed by 
0.1 seconds to give the listeners the 
impression that the sound is coming 
from a source directly in front of them. 
Although such delay devices are widely 
available, commercial units are ex- 
tremely expensive, home-made versions 
are much more economic. Random 
access memory (RAM) ICs can be 
bought at very low prices and so can 
address counter ICs. A few of these 
combined with the circuit provided here 
and the result is a complete speech com- 
munication system. If necessary, the 
delay time may be adjusted by means of 
programmable counters. 

Of course, there are plenty of other uses 
for the circuit. It can be included in a 


digital storage ‘scope’, it can serve as a 
value processing system using a micro- 
processor, etc. For anyone who enjoys 
experimenting, the sky is the limit as far 
as application possibilities are con- 
cerned. 


Sources: 

Data sheets: ZN 426 and ZN 427 
Ferranti Electronics Ltd., 
Oldham, U.K. 

Data Converter Technical Handbook, 
Ferranti Electronics Ltd., 
Oldham, U.K. 

Tafel, H.J.: ‘Introduction to digital data 
processing’, 
Carl Hanser Verlag, Munich. 

‘Storage ‘scope’, Elektor 74 
(June 1981, p. 6-34). i 
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help power transistors 
to keep their cool 


Occasionally, even a 2N3055 is unable 
to cope with the stress it is put under. 
Some designs which prevent the power 
transistor from being damaged under 
extreme conditions are rather compli- 
cated and expensive. This article intends 
to prove that this need not be the case. 
Let us take the design of a normal, 
straightforward battery charger using a 
2N3055 as the series transistor. During 
normal operation, this transistor has to 
cope with 5V across it while it is 
supplying a current of 5A, which 
amounts to a reasonable 25 W. What 
happens though when the output is 
short-circuited? The voltage across the 
series transistor rises to at least 12V; 
5A multiplied by 12V give us 60W, 
which will eventually destroy the 
transistor. It becomes even worse when 
the battery is connected the wrong 
way round. As can be seen from this 
example, some form of protection is 
really necessary. 


Having to protect a power 
transistor such as the 2N3055 may 
seem like a pointless task. 
However, there are some instances 
where even these mighty 
work-horses can be blown up! The 
circuit described in this article 
provides a safeguard for these 
devices; a better life insurance is 
hardly possible. 


Of course, it would be ideal if such a 
protection circuit were able to calculate 
the dissipated power by multiplying 
the voltage across the transistor by the 
current through it. However, it is sad, 
but true, that in electronics multiplying 
is a process that is neither easy nor fast. 
The circuit described here is a kind of 
compromise, since it uses a straight- 
forward addition circuit instead of a 
multiplier. As soon as the sum of the 
voltage and the current exceeds a preset 
value, the base drive for the output 
transistor is reduced. However, this 
circuit does have one major disadvan- 
tage; the maximum available output 
voltages and currents are lower with a 
protected transistor than those with an 
unprotected one. Supposing the power 
output is limited to 40W (2A at 


20 V). Figure 2 shows that the resultant 
curve crosses the voltage axis at 40V, 
which is the highest voltage level that 
the 2N3055 can withstand. The same 
holds true for the current; the current 
axis is crossed at 4A, therefore, as a 
result of the protection circuit, larger 
currents are impossible. 

It is therefore essential to consider in 
advance whether or not protection is an 
appropriate solution to this problem. 
It may be better to use more than one 
output transistor, as this enables a larger 
power dissipation. We will come back to 
this later. 

It is important to remember that the 
dynamic qualities of the protected 
power transistor are completely differ- 
ent. For this reason, it is advisable not 
to protect the output transistors of 
audio equipment. 


Circuit diagram 

As indicated in figure 1, two additional 
transistors are required to protect the 
2N3055 from any disasters. Transistor 
T2 does not actually protect anything, 
but it does enable the base current at 
point ‘b’ to be 50 times lower than 
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Figure 1. The circuit diagram of the protected 
power transistor. The voltage and current 
levels are kept within limits and are 
determined by the values of R3 and R5. 
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Figure 2. The thick line shows the real 
current/voltage characteristic of the 
protected output transistor. The thin one 
indicates the 40 W limit. 
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normal. This is a comforting thought, 
since a smaller base current enables a 
straightforward drive. 

The current passing through the power 
transistor provides a voltage across 
resistor R5. If this voltage is about 
1.2V, diode D1 and transistor T1 start 
to conduct. Consequently, the base 
current flows away via T1, so that the 
current through the output transistor 
cannot increase. Resistors R3 and R4 
act as a potential divider which monitors 
the voltage across the power transistor. 
If the voltage at point A reaches 1.2V, 
T1 will again prevent T3 from conduc- 
ting too much and exceeding its maxi- 
mum dissipation. Therefore, the 2N3055 
is protected against both excessive 
voltages and currents. 

Between these two extremes, the volt- 
age at point A in the circuit is deter- 
mined by the sum of the voltage across 
R5 (caused by the current through it) 
and the voltage across R4 (from the 
potential divider). The limiter comes 
into operation when the sum of these 
two exceeds 1.2V. As mentioned 
previously, the 2N3055 will not work 
if too high a voltage level is present, 
which depends on the values of R3 and 
R4. Moreover, the voltage must not 
exceed 60V, otherwise the transistor 
will be damaged. 


Selecting the correct values for 
R3 and R5 


These two resistors determine the level 
of voltage and current at which the 
power transistor remains operational. 
Fortunately, the calculations for the 
required values are not as difficult as 
they may seem at first sight. The graph 
in figure 3 illustrates a 117 W curve and 
a 40 W curve for a power transistor. The 
latter is a suitable choice for most appli- 
cations, The 40 V/4 A line is the one we 
are interested in. For any other values, 
a straight line can be drawn from any 
point on the curve to intersect the volt- 
age and current axes. The relevant 
values can be altered by adjusting the 
slope of the line, but the 40W curve 
must not be crossed, The value of R5 
can be derived directly from the re- 


quired current level: R5= 12 and the 


value of R3 can be derived from the 

R4-(V — 1.2) 
1.2 

Consequently, for a current of 4 A: 


n5= 120.30 and 


required voltage: R3 = 


for a voltage of 40 V: 
ng = 47040 — 1.2) - 15196.667 2 
= 15kQ 

The 2N3055 can cope with any combi- 
nation of voltage and current values 
provided they lie underneath the curve. 
It is wise to bear in mind that the circuit 
will not pass a great deal of current at 
voltages lower than 1V, as the ‘turn- 
on’ voltage of the transistor has to be 
overcome first. 


transistor characteristics 


While discussing the safety of a power 
transistor it is useful to know where the 
problems are, in other words, why does 
the transistor break down? There are 
two possibilities: an excessively high 
voltage level and overheating. It is 
evident that the transistor will break 
down when the voltage is too high, it 
is put under too much pressure. 

The second cause is slightly more com- 
plex. Not only can the actual transistor 
(the silicon chip) get overheated when 
the current level is too high, but also the 
internal connections can get so hot that 
they start to melt. Although in this 
instance the transistor itself may remain 
more or less undamaged, it will not 
work any longer since it has become 
‘insulated’. 

In most cases the transistor will break 
down because of excessive dissipation 
(power which is converted into heat) in 
the chip, so that the structure will be 
irreparably damaged. The dissipation in 
the transistor can be calculated quite 
easily by multiplying the voltage across 
the transistor by the current through it. 
Manufacturers always indicate a maxi- 
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Figure 3, This graph shows the theoretical 
117 W dissipation limit of the 2N3055 and 
the more realistic 40 W curve. The straight 
line indicates the permissible power range 
when the protection circuit is used. 


cooling 


Of course, when designing a circuit, it is 
essential to know how much dissipation 
a power transistor can endure. We have 
already seen that a dissipation of 117 W 
is more than the 2N3055 can put up 
with, so how much can it take? Heat 
is generated by the chip inside the 


transistor casing. The thermal resistance 
(expressed in “C temperature rise per 
watt of dissipated power) of the metal 
case determines the amount of heat 
conducted away. The data sheet for the 
2N3055 shows that its thermal resist- 
ance is 1.5°C/W, calculated from the 
chip to the outside of the transistor 
housing. In the majority of cases a mica 
washer is placed between the transistor 
and the heatsink, which means an extra 
thermal resistance of 1°C/W. There is a 
limit to the cooling capacity of the heat- 
sink, as indicated in figure 5. Despite an 
excellent heatsink and correct construc- 


Photo 1. Two examples of heatsinks pofiles. The commonly used SK 03 is on the right and the 


larger SK 53 on the left. 
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mum value. This is the maximum 
theoretical value that can only be 
obtained with ‘super-cooling’. For 
instance, the theoretical maximum dissi- 
pation of the 2N3055 is 117 W, but 
in practice this figure can never be 
reached, 


A 117W curve is shown in figure 3. 
Above this curve the transistor will 
always be destroyed, below it the life of 
the transistor depends on the quality of 
the cooling mechanisms, Normally, the 
curves indicated by manufacturers will 
be different from that in figure 3. A 
typical example is given in figure 4; 
both axes are logarithmic, therefore the 
graph itself is a straight line. Within this 
area there is another prohibited spot, 
which is indicated by the shaded part of 
figure 4. In this region it will take the 
transistor quite some time to break 
down. This phenomenon is called 
‘second breakdown’: due to impurities 
in the transistor, so called ‘hot spots’ 
will occur, These hot spots will conduct 
better than the rest of the transistor due 
to the negative temperature coefficient 
of the chip. Therefore, there will be a 
considerable current increase in these 
hot spots, so that they get hotter and 
hotter until the critical temperature of 
200°C is exceeded, Then the transistor 
is bound to ‘die’. 

The effects described up to now hold 
true for continuous operation. However, 
the limit of 117 W can be exceeded for 
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Figure 4, The same graph as for figure 3, but in this case the voltage and current axes are 
logarithmic. The shaded section indicates the ‘second breakdown’ area. The topmost curve 
shows that the transistor will survive short ‘bursts’ of very high power dissipation. 


a short period, as the chip takes a 
certain amount of time to get hot, This 
is illustrated by the top curve in fig- 
ure 4, This line indicates dissipation 
values of up to 700 W! It is imperative 


that conditions indicated by this curve 
never last for more than 50ys. The 
transistor can only withstand this high 
power if this procedure is not repeated 
too often. 


—_ mm 


Figure 5. These two graphs indicate the thermal resistance of a commonly used (SK 03) and a large area (SK 53) heatsink. Note that the 
relationship between the thermal resistance (vertical axis) and the length (horizontal axis) is not linear. 


tion, the overall thermal resistance will 
be at least 1.5+ 1+ 0.5= 3°C/W. 

If the maximum operating temperature 
of the transistor is 150°C and the 
environmental temperature is 25°C, the 
tolerated temperature difference will 
be 125°C. As mentioned above, the 
thermal resistance is 3°C/W, so the 
maximum permitted dissipation will be 


2 = 41.7W. The moral of this tale is: 
even a ‘super-heatsink’ cannot work 
miracles. 


It would be better to solve the problem 
by using several transistors instead of 
just one. Adding one more transistor 
to the heatsink mentioned previously 
provides a vast improvement. Now each 
transistor occupies half of the heatsink 


RW insulation 
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RW heat sink 
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(having a length of 75mm). The ther- 
mal resistance per transistor is then 
1.5 + 1 + 0.65 = 3,15°C/W. The maxi- 
mum permitted power dissipation will 
then be 39.7 x 2 (transistors) = almost 
80W! The only drawback of this 
method is the (slight) extra cost. i 
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EPROM eraser 


EPROMs (Erasable Programmable Read 
Only Memories) are erased with the aid 
of ultraviolet light. This enables oper- 
ators to store data for long periods, 
make alterations at a later date and 
reprogram the EPROM, when required. 
Two EPROMs which are used particu- 
larly frequently in Elektor are the 2708 
and the 2716. 

Usually, an EPROM is erased with the 
aid of a special ultraviolet lamp, but 
there are other methods, as the examples 
below illustrate. It is possible to erase a 
2716, for instance, by exposing it 
to light with a wavelength less then 
400 nm. In other words, sunlight and 
neon tubes will also do the trick. Tests 


EPROM eraser 


EPROMs are ideal memory 
devices, for not only do they store 
data in a relatively permanent 
manner, but they can be erased 
and reprogrammed, whenever 
necessary. Since Elektor has paid 
a good deal of attention to 
EPROM programmers lately, it is 
high time a suitable EPROM eraser 
was considered. The ultraviolet 
method described here is both 
efficient and fairly cheap — 
provided the necessary caution is 
taken, for UV rays may severely 
damage your eyes. 


have shown that a 2716 will, on average, 
be erased after about three years’ con- 
tinuous exposure to neon light, Leaving 
it in the sun will wipe it clean within a 
week! For this reason it is advisable to 
cover the ‘window’ of the EPROM with 
a label to be absolutely sure the data 
remains intact for a long time. The best 
way to erase 2708, 2716, 2732 and 
most other EPROMs is to subject them 
to UV light having a wavelength of 
253.7 nm and an intensity of 12 mW 
per cm?. This will ensure complete 
erasure within 15 . . . 20 minutes, 


Special EPROM erasers are available for 


this purpose, but since hobbyists do not 
need to use them very often, they just 
aren’t worth the money. Special bulbs 
are also effective. The TUV 6W from 
Philips only costs a few pounds and has 
exactly the right wavelength. The bulb 
is usually employed for sterilisation 
purposes to kill bacteria, etc. The bulb 
is rather elongated and has an edison 
screw, 


WARNING: Never look at the lamp 
while it is burning, the light could 
permanently damage your eyes. Excess- 
ive exposure to UV radiation can also 
cause skin burns. To avoid such mishaps, 
it is essential to house the lamp inside a 
light-proof case. Make sure the case is 
not too small either, as the bulb gets 
very hot. Figure 1 gives an idea of what 
the case should look like. The bulb 
fitting is mounted inside the lid and a 
reflector is placed above the bulb. The 
rest of the case will accommodate the 
EPROMs that are to be erased. To 
ensure absolute safety, mount a micro- 
switch in the case. This prevents the 
bulb from lighting unless the case is 
completely closed. 

Before the EPROMs are inserted under 
the UV bulb they are mounted on a 
piece of conductive rubber. Up to four 
EPROMs can be erased simultaneously. 
Provided there is a space of about 1 cm 
between the bulb and the EPROMs, 
30 minutes should be plenty of time for 
most types. During laboratory tests at 
Elektor, however, the TMS 2516 from 
Texas Instruments was found to be an 
exception. It took at least 2 hours to 
wipe it clean! K 


Figure 1. An idea for an EPROM eraser unit. The microswitch makes sure the bulb will only 
light once the case is closed. This is a safety measure in view of the harmful UV rays. 
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... With a computer 
controlled keyboard 


Faced with a wide selection of 
polyphonic keyboard kits, 
synthesiser enthusiasts have a hard 
time finding the right one, since 
most of them seem to have 
considerable disadvantages. After 
examining various systems 
thoroughly (the subject of long 
and heated discussions), Elektor’s 
design staff decided on computer 
control. This article compares it to 
others and at the same time paves 
the way for the printed circuit 
boards and the constructional 
details which will be published 

in due course. 


Why use a microprocessor? 

Isn't the use of a microprocessor in this 
case a little like using a sledge hammer 
to crack a nut?, one may ask. After all, 
the FORMANT managed very well 
without. Like it or not, electronic music 
is becoming invaded by ‘digitology’. 
Quite apart from anything else, the 
cost of the Z80, the microprocessor 
used in this project, is under five 
pounds, a good enough reason to give 
it serious thought! 

In this particular case, a microcomputer 
was introduced because it was con- 
sidered to be absolutely necessary. For 
one thing, a discrete solution would be 


vastly complicated and take up an 
awful lot of space. To find out why 
let us recap briefly on the last article 
in the monophonic series. 

On a conventional polyphonic syn- 
thesiser keyboard every key requires 
a VCO along with the associated VCFs, 
VCAs and envelope generators. From 
now on we will refer to such units as 
‘channels’. A complete keyboard would 
therefore require a large number of 
channels and the synthesiser would end 
up filling an entire room, And the 
expense! The answer is much more 
straightforward, for a keyboard player, 
however brilliant, is seldom equipped 
with more than two hands. Thus, the 
maximum number of keys that can 
be depressed simultaneously never 
exceeds ten, one for each finger. By 
connecting the depressed keys to 
individual VCOs means that only ten 
synthesiser channels are needed to 
provide a_ sophisticated polyphonic 
instrument and that is where the micro- 
processor comes in. It is an ideal means 
of storing parameters, such as pitch, and 
allows the musician plenty of scope for 
developing his/her own ideas and 
programming these into the machine. 
Synthesiser systems without micropro- 
cessor control have one main disad- 
vantage: the only way in which they can 
find out which key was depressed is by 
means of keyboard multiplexing. In the 
case of a three-note chord, all the key 
contacts have to be scanned in turn. 
The control voltage of the first key 
that is acknowledged to be depressed 
is fed to the first VCO, that of the next 
key is fed to the second VCO, etc. As 
figure 1 shows, the control voltages at 
the VCOs shift while the instrument is 
being played. Supposing three keys are 
depressed and VCO1 receives 1V, 
VCO2 is supplied with 2 V and VCO3 


with 3V. If the second key is released, 
VCO1 will continue to be fed with 1 V, 
whereas VCO2 is now supplied with the 
3V assigned to VCO3. As a result, the 
key corresponding to VCO3 is acknow- 
ledged as the second, rather than third, 
note in the chord. 

Problems occur due to the gate trigger 
pulse, the sample and hold circuit and 
the decay time — releasing the second 
key is liable to cause a cacophonic 
surprise. The instrument simply cannot 
keep up with the changes without a 
brain, a microprocessor. 

The main task of the microprocessor 
is to scan the synthesiser keyboard. 
After each scanning procedure, the 
details related to the state of the key- 
board at that particular moment are 
stored in RAM. The computer compares 
the new data to that derived from the 
previous matrix configuration and then 
decides which keys were released and 
which ones have now been depressed. 
Whenever a key is released, the GATE 
signal at the control output becomes 
logic 0. However since the pitch code 
at the output remains unchanged, 
the note is able to decay at the right 
pitch. 

If more than ten keys are depressed 
simultaneously, the computer must be 
able to pick out the ten initial notes. 
If a new key is depressed during the de- 
cay time of the ten notes, the processor 
determines which note should be 
interrupted and substituted for the new 
note. How this is done is extremely 
complicated, involving various time 
priority laws, which are based on the 
following principle: 

During a ‘run’, a sequence of notes, 
a new channel is stored with voltage 
data for every new key that is de- 
pressed, This also applies to a string 
of notes that doesn’t necessarily have to 
form a chord. This allows the notes to 
decay after their respective keys have 
been released. After the tenth note, all 
the memory locations are full of data. 
The computer acknowledges the note 
that was the first to be produced during 
the series and replaces the corresponding 
VCO data in its memory location by 
information referring to the new note, 
the ‘eleventh’ in the series. 

There is one exception to this rule. If 
the same key is depressed and released 
repeatedly (as in staccato playing, for 
instance) the control voltage and the 
gate signal must always be fed to the 
same VCO. Otherwise, an additional 
VCO ‘voice’ having the same frequency 
would be heard. The Z80 software has 
taken this problem into account and 
avoids such interference. 

Another reason for using a micro- 
processor is that it offers a tremendous 
amount of flexibility and allows the 
synthesiser to be constructed in stages, 
which is preferable nowadays with most 
hobbyists managing on a very tight 
budget. Unlike discrete circuits, where 
it’s ‘all or nothing’, the facilities of a 
microcomputer can be extended simply 
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Figure 1. Any keys that are pressed are connected to a free synthesiser channel in order of pitch. When S2 (keyboard key) is released (see text) 
VCO2 assumes the control voltage produced by S3. This type of keyboard control is known as multiplexing. 


by adding more memory cards to its 9 
bus system. It has the added advantage 
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that EPROMs can be reprogrammed 
whenever required. Changing discrete IS anopree 
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circuits is almost impossible and costs 


a lot of time and money. Wt 
Zg 
The brain behind the polyphonic Y 


FE 


keyboard 

As mentioned earlier, the micropro- 
cessor used here is a Z80A. Its tasks 
fall into two main categories. Initially it 
‘collects’ all the data from the key 
contacts and preset controls on the 
front panel. It then processes the data Unit Board 
and assigns specific voltage values to 

the synthesiser modules under its = 
control. Each of the connected syn- Y g 


thesiser channels is provided with a 
‘pitch’ and gate pulse. This is where the ZZ ADDAESS + BATA BUS 
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computer proves its flexibility,’ for 
readers who do not wish to spend too 


much all at once, can begin with two 
synthesiser channels and extend them | 
gradually up to a total of ten. A select | 
switch informs the processor how many | 
channels are preset. The control voltage 

levels and the GATE pulse are in the | 
form of a digital code, which are then | 
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front panel of the synthesiser adjust Figure 2. Block diagram of the keyboard/preset controller. This consists of a CPU card, an 1/O 


the setting of each channel within a device and the preset control logic. 
range of three octaves (12 semitones 
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and 2 octaves). 

The second major task of the micro- 
processor involves controlling the 
presets. This enables a certain pitch or 
sound to be selected ‘at the drop of a 
hat’ with the aid of a single switch and 
saves fumbling around in the dark for 
the right lever, switch, etc. The operator 
has 64 preset (preprogrammed) sounds 
and an additional 64 memory locations 
to store personal tone compositions. 


The hardware 

The following section provides a de- 
tailed description of the hardware. This 
mainly consists of a debouncing circuit 
for the key contacts, a CPU board, an 
1/0 circuit and various ICs which con- 
trol the presets. The complete system 
is shown in the form of a block diagram 
in figure 2. 


The preset unit 


Figure 3. shows the keyboard and 
display matrix used to adjust the 
settings. The control unit includes the 
following facilities: 
1. A keyboard containing keys 0... 9, 
‘RAM’ and ‘CLR’ (CLEAR) serves 
to select a certain sound, Each sound 
has its own program number and this 
is indicated on a two-digit ‘SELECT’ 
display. 
2. A ‘PANEL-PRESET’ mode switch 
together with its LED which converts 
the pitch as stored in memory into the 
setting obtained by adjusting the con- 
trols on the front panel. 


3. The ‘STORE’ key reads the sound 
adjusted by the pots on the front 
panel and stores it in EPROM. The 
storage procedure can only be per- 
formed provided the ‘STORE ENABLE’ 
switch at the back of the synthesiser is 
in the correct position when STORE is 
depressed. If so, the ‘STORE EN- 
ABLED’ LED on the front panel will 
light. This facility was included with a 
view to protecting musicians against 
involuntary acts of ‘sabotage’ by in- 
quisitive friends and relatives who 
couldn't resist ‘twiddling the knobs’... 
and prevents preset sounds from being 
accidentally overwritten. Discovering an 
erased synthesiser memory just before 
a concert is enough to cause a musician 
more sweat than the actual perform- 
ance! Not that the audience is likely to 
notice any difference, where certain 
groups are concerned, 
4. A significant feature of the preset 
circuit is its three channel sound 
stand-by circuit consisting of three 
ENTER keys and their corresponding 
displays and the PLAY 1...3 keys. 
Depressing the ENTER key causes the 
program number of a particular sound 
to be shown on the display. The settings 
shown on the three displays can be 
altered in a split second simply by 
pressing one of the three PLAY keys 
and operating the PANEL switch. 
The PLAY keys cannot be depressed 
simultaneously. After the ‘PANEL’ 
switch has been pressed (indicated by 
the LED on this switch), operating the 
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Figure 3. The operating panel for scanning and storing preset sounds. Its main features are 
the keyboard and displays. The program number shown in the top left-hand display may be 
temporarily stored in one of the right-hand displays to enable programs to be changed rapidly. 
This facility is ideal during live performances on stage. 


SSE 


‘STORE’ key will transfer the current 
settings of the keyboard into the pro- 
gram number indicated by the ‘SELECT’ 
keyboard display. The selection can be 
any number between 1 and 64. It is 
also possible to select either the pre- 
programmed sound or a ‘real time’ 
sound, also numbered 1 to 64, by 
operating the RAM key on the key- 
board. The latter is indicated by the 
presence of the decimal point on the 
display. The CLEAR key erases the 
SELECT display. Special software 
measures prevent an incorrect program 
number, such as 75 for instance, from 
being entered. 

It should be mentioned that the total 
data for one particular sound may 
comprise 28 different analogue voltages 
ranging from O to +10 V and 32 data 
bits relating to the switch positions for 
the waveforms, etc. This may seem a 
bit of a luxury at this stage, but it might 
as well be included now, as it doesn’t 
add much to the construction costs and 
will be needed later on anyway, 


One or two things to bear in mind 
The next article in the series on the 
polyphonic synthesiser will provide 
printed circuit boards and construc- 
tional details. Readers should take 
various facts into account before ‘diving 
in at the deep end’, The components 
can be fairly expensive and ideally, an 
understanding of analogue and digital 
circuits is desired. However, enthusiasm 
makes up for a lot and the printed 
circuit boards simplify the problems to 
a large extent. 

The design staff decided against mount- 
ing a complete synthesiser on a single 
printed circuit board for the following 
reasons: 

The printed circuit boards should be 
universal and suit the requirements of 
both monophonic and polyphonic syn- 
thesisers, leaving the choice up to 
the reader. The monophonic version 
must be able to accommodate a variety 
of combinations in the same manner 
as the FORMANT. The model based on 
the CURTIS ICs, as described in 
Elektor, is just one possibility. Anyone 
who has already built the FORMANT 
probably has personal ideas for a 
synthesiser using CURTIS ICs. At any 
rate, readers should decide beforehand 
whether they prefer a monophonic or 
a polyphonic synthesiser. It should be 
noted that the monophonic system 
published in Elektor cannot be elabor- 
ated into a polyphonic instrument in 
its present mechanical form. This does 
not apply to the CMOS _ switches, 
however, which are already available on 
the printed circuit board. These enable 
the preset facilities to be extended 
without the need for the complex 
microprocessor control unit designed 
for the polyphonic keyboard, but then, 
of course, no sounds can be stored. In 
any case, the preset unit can only be 
constructed if the keyboard controller 
is provided. K 
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Mini TIL switch 


Erg components has launched the smallest 
ever double changeover, ganged, triple-in-line 
switch: the SCS1G-023. The smallest switch 
of its type in the world, the Erg SCS1G-023 
is both top and base sealed. Top sealing is 
achieved with a special, heat-resistant, trans- 
parent, polyester tape. Switching action is 
break-before-make. Features include: suit- 


ability for both very low and high levels of 
switching — from 1 nV to 100 V, 1 wAto1 A 
up to 10 VA; contact resistance repeatability 
+1 milliohm; contacts are gold-plated for 
reliability and employ a patented wiping 
action. 


Erg Components, 
Luton Road, 
Dunstable, 
Bedfordshire LUS 4LJ. 
Telephone 0582.62241 


(2248 M) 


Long display 

The new LCM 1012 liquid crystal display from 
Siemens takes the form of an 80-character dis- 
play with an active visible area 24,4 mm high 
and 320 mm in length. Such a high number of 
characters enables the text of a complete 
typewritten line containing, as a rule, 60-70 
strokes to be represented. It is primarily for 
such applications that this "record length” 
LCD has been designed. The keyed-in text 
can be checked for possible errors before they 
are put to paper. The low current draw of the 
liquid crystals also permits applications in 
mobile equipment, for instance in portable 
data collection units or in terminals. 

Each of the 80 characters consist of 35 lines 
arranged one above the other; each of these 
lines is divided further into five dots along its 
length which can be activated individually, 
The dots are 0.56 x 0.60 mm in size and are 
spaced 0.10mm from each other. This 
provides the active visible area of 24.4 mm by 


market 


ne ee 


320 mm, Of the 35 lines, 16 may be shifted 
up or down, allowing super- and sub-scripting 
and under- and over-scoring, in dark charac- 
ters ona light background. 

The actual LCD is accommodated, together 
with its drive electronics and internal lighting, 
in a rugged frame measuring 400 x 40mm 
with a maximum installation depth of 21 mm, 
The display is controlled by ten SM804 K 
driver devices. By means of a potentiometer 
the user can adjust the contrast of the display 
characters to suit his operating position, 
Siemens House, 

Windmill Road, 

Sunbury-on-Thames, 

Middlesex TW16 7HS. 

Telephone: 09327,85691, Ext, 250, 


(2242 M) 


‘Short’ tester 

Designed to physically locate p.c.b. short cir- 
cuits, the Toneohm 550 has just been released 
by Polar Electronics. This low cost instrument 
allows unskilled operators to quickly find the 
position of solder bridges, land bridges, 
touching components etc — it also acts as an 
accurate milliohmeter. Features include plug- 
in probes with replaceable tips, optional 


needlepoint probes, internal speakers, ear- 
piece socket, L.C.D. display, ultra low tip 
voltage and ease of use. 

Polar Electronics Limited, 

P.O, Box 97, 

Lowlands Industrial Estate, 

St. Sampsons, 

Guernsey. 

Telephone: 0481,48129 


(2244 M) 


Stereo audio modules 

ILP Electronics of Canterbury have added 
four new stereo audio modules to their range. 
These bring the total ILP range to almost 50 
different modules, 

First of the new encapsulated units is the 
HY 74 stereo mixer, which is priced at £11.45 
excluding VAT. This unit provides sophisti- 
cated mixing facilities — five signals into one 
on each of the two channels — and can be 
used with an appropriate |LP power supply, 
an ILP pre-amp such as the ILP HY 66 stereo 
pre-amp, an MOS or bipolar power amplifier 
and appropiate controls to create a hi-fi am- 
plifier of very high quality at minimum cost. 
Virtually all ILP audio modules are cross- 
compatible: DIY hi-fi addicts and disco/music 
amplification enthusiasts can combine the 
units to create almost any audio system they 
fancy. 


An alternative stereo pre-amp to the HY 66 + 
HY 74 is the new HY 75 stereo pre-amp with 
built-in mixer for two signals on each of two 
channels, The HY 75 provides for separate 
bass, mid range and treble controls and is 
priced at £ 10.75 excluding VAT. 

Two more modules just launched are the 
HY 76 stereo switch matrix, making possible 
on each of two channels the switching of any 
one of four signals to one, and the HY 77 
stereo VU meter drive, a programmable gain/ 
LED overload driver. 

/LP Electronics Limited, 

Graham Bell, 

Roper Close, 

Canterbury, 

Kent CT2 7EP. 

Telephone: 0227.54778 


(2240 M) 
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Soldering iron with digital 
temperature measurement 


LITESOLD’S advanced ETC-4C Soldering 
System incorporates a DVM circuit and 
digital display of the soldering iron tempera- 
ture, The display circuit is driven by the out- 
put from the thermocouple temperature 
sensor, located inside the element shaft of 
the soldering iron, where it reads the tempera- 
ture at the front of the externally mounted 
bit. The sensor output is also used to operate 
the transistorised temperature control circuit, 
which feeds the DC power supply to the 
soldering iron. The digital temperature read- 
out and the bit temperature are thus locked 
together and the display provides a continu- 
ous indication of the actual operating con- 
ditions at the soldering bit, including any 
small variations which may occur in use, or 
major changes which may be due to malfunc- 
tion of the control circuit or soldering iron, 
before damage to the work can occur. 


As with the standard LITESOLD ETC-4 unit, 
temperature settings are steplessly variable 
between 180° and 400°C by a potentiometer 
knob on the control unit, and the tempera- 
ture control circuit is entirely free of spiking 
and RFI generation, The 22 volt DC-operated 
iron is also earthed and completely free from 
hum and_ static. Temperature control is 
typically within + 2°C and the outstanding 
heating/recovery performance is demon- 
strated by the fast heat-up time of 20°C to 
400°C in less than 60 seconds, 

Light Soldering Developments Limited, 
Spencer Place, 

97/99, Gloucester Road, 

Croydon, Surrey, CRO 2DN, 

Telephone: 01 689 0574 


(2273 M) 


Graphics printer mechanisms 


Two new impact needle printer mechanisms 
are being offered by Roxburgh Printers, 
Based on the same design as the highly popu- 
lar DP-822 and DP-824, 21 and 40 column 
units. The new printers are equipped with 
1/12" line spacing, optical ‘head reset’ sensor 
and a motor control circuit, features necessary 
for achieving the highest possible accuracy 
when printing graphics. Both friction and 
sprocket drive versions are available for the 21 
and 40 column types. There is also a choice 
of 12 or 24 VDC voltage operation for the 
40 column unit. Type numbers are: DP-822G 


for the 21 column and, DP-824G for the 
40 column. 

Roxburgh Printers Ltd., 

22, Winchelsea Road, 

Rye, 

East Sussex TN31 7BR. 

Telephone: 079 733777 


(2271 M) 


70 MHz 4 channel oscilloscope 


House of Instruments announce the new 
CS 2070 Oscilloscope from Trio, utilising the 
latest in oscilloscope technology and inno- 
vation to solve the fast, complex signal analy- 
sis problems encountered with such equip- 
ment as VTR‘s, Compact Discs, DAD and 
Audio, as well as other difficult waveform 
applications, This compact 70 MHz oscillo- 
scope has a 4 channel 8 trace display capa- 
bility and is packed with a variety of features 
such as: alternate delayed sweep, 1mV/cm 
sensitivity all the way to 70MHz and de- 
layed intensified sweep, features born of 
Trio’s 100 MHz oscilloscope technology. All 
of this high performance is displayed on a 
large bright 12 kV CRT with Auto-focus, 

Other excellent features include: Holdoff for 
synchronisation of unstable signals — Maxi- 
mum sweep speed of 5ns/cm — Delayed 


sweep intensity control completely indepen- 
dent of the main sweep — 20 MHz bandwidth 
limit switch —simple high sensitivity X-Y 
mode — Video frameline synchronisation is 
linked to the base for automatic switching — 
in the Cascade 
sweep and TTL 


500 microV/cm sensitivity 
mode — Single 
modulation, 


intensity 


Ergonomic electronics switching has been 
implemented using LED pushbuttons with a 
back up memory provided for the panel set 
up, If the unit is turned off, or power lost, 
the front panel set up can be recalled simply 
by switching on the CS 2070. 

Quiswood Ltd,, 

30 Lancaster Road, 

St, Albans, 

Herts, AL? 4ET, 

Telephone: 0799 24922 
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Bench power supplies 


The new Kikusui PAB Series DC bench power 
supplies from Telonic Berkeley UK Limited 
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offer many practical features and a wide range 
of output options at very competitive prices. 
There are 22 models in the range, with out- 
puts from 8 V 2.5 A to 350 V0.2 A, 

Output voltage may be varied continously 
from OV by the use of the two variable 
resistors giving coarse and fine adjustment 
or, in some models, a 10-turn potentiometer. 
Continuous control of current is also available 
from 10% to 100% of rated value, so the units 
may be operated in the constant voltage or 
constant current mode, Voltage and current 
are displayed simultaneously on separate 
meters. Overload protection is by constant 
current transfer, 


Multiple units may be used in series to obtain 
a higher output voltage and two of the same 
model may be connected in parallel to double 
the available current. In parallel operation a 
simple link between the units enables both to 
be controlled from one unit. Up to 5 units 
may be mounted in a standard 19in rack, 
Telonic Berkeley UK Limited, 

2, Castle Hill Terrace, 

Maidenhead, 

Berkshire. 

Telephone: 0628 73933 
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Stripper with drive 


The CF Wire Stripper is a low voltage electri- 
cally operated hand tool designed for the 
stripping of insulation from enamelled wires 
used in the manufacture of coils, motors, 
transformers etc. and incorporates a DC 
motor to provide more efficient operation. 


Nc 


The stripper automatically adjusts for wire 
sizes between 11 swg and 33 swg by the use 
of three stripping blades which are centrifu- 
gally operated by counter balanced weights. 
This automatic adjustment of the tool makes 
it ideal for applications where a number of 
different wire sizes are encountered on a 
single component. All cutting blades are 
manufactured from tungsten carbide and are 
easily replaced. The Model CF is suitable for 
production use but may also be employed for 
low volume runs and research in development 
applications, 

Eraser International Limited, 

Unit M, 

Portway Industrial Estate, 

Andover, Hants SP10 3LU. 

Telephone: 0264 51347/8 
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Low-Power Z80 


Zilog have just introduced a new version of 
their successful and well proven Z80 8-bit 
microprocessor which consumes only 10% of 
the power of the standard Z80. Known as 
the Z80L, the new processor is available for 
operation at clock rates of 1 MHz, 1.5 MHz, 
or 2.5 MHz as identified by the suffix L1, L2 
or L3 respectively. 

Power consumption for the Z80L family is 
75 mW, compared with 500 to 750 mW for 
the standard part, and is therefore ideally 
suited for use in hand-held or portable battery 
powered products. By the same token, the 
low power consumption allows battery 
backup to be implemented easily in systems 
where the data being processed is of a critical 
nature or where the application relies on 
continuous processing. 

Another important feature of the Z80L is its 
full pin and software compatibility with the 
280 allowing it to be used in existing circuit 
boards without the need for expensive circuit 
re-design, In addition, the new device is fully 
supported by Z80 development systems and 
in-circuit emulators allowing products based 
on the Z80L to be developed, tested and 
debugged quickly, thus reaching the market 
place in the shortest possible time. 

The Z80L can be used with the complete 
range of Z80 8-bit peripheral devices cur- 
rently offered by Zilog. In the near future 
a new range of low-power peripherals will be 
announced including versions of the PIO 
(parallel input/output), SIO (serial input/ 
output), CTC (counter/timer circuit) and 
DART (dual asynchronous receiver/trans- 
mitter). These devices will consume about 
10% of the power of currently available 
products at prices substantially lower than 
CMOS equivalents. The Z80L family employ 
a single +5 V power supply and operate over 
the temperature range O to 70°C. They are 
available in either ceramic or plastic packages, 
Industrial Products Division, 

Zilog (UK) Limited, 

Babbage House, 

King Street, 

Maidenhead, 

Berks SL6 1DU, 

Telephone: 0628 36131 


(2272 M) 


Miniature power relay 


A miniature power relay is announced by 
Londex Limited, as a further extension to 


their range of space-saving pcb-mounted 
relays. Named the ‘Quarz’, this new relay 
stands less than 16 mm from the board when 
mounted; it is 22 mm long, and 16 mm wide 
and weighs ten grams. There are five basic 
types in the range, rated at voltages from 
6 to 48 VDC, with coil resistance from 
100 to 4500 ohms. Each of the five types is 
also available as a sealed version. The switching 
capacity is 125 V AC or 30 V DC, 3A (resis- 
tive load), or 250 V AC, 1 A. Operating time 
is approximately 6 ms, with a release time of 
approximately 2ms, The relays’ dielectric 
strength is 1500 V AC (50/60 Hz) one minute, 
contact to coil; 750 VAC (50/60 Hz) one 
minute, contact to contact. Life expectancy 
is five million operations (mechanical), with 
more than one hundred thousand electrical 
operations at switching capacity. 

Londex Limited, 

Oak field Road, 

London SE20 8EW. 

Telephone: 01659 2424 


(2267 M) 


Transient waveform analyser 


SE Labs (EMI) Limited has launched a micro- 
processor-based transient waveform analyser, 
which has a standard 16K memory per chan- 
nel. The 4-channel SE 2550 is the first of a 
new generation of intelligent transient re- 
corders and it is also the first to offer a 
combined integral display. All parameters are 
set up via the keyboard and menu pages. The 
main unit comprises a 19" cabinet containing 
the power supplies, cooling fan, video display 
screen, keyboard, timebase controller, control 
logic and 4-channel modules. There is also 
an IEEE 488 interface for data input/output 
and remote control of the unit, optional 
anti-aliasing filters, and an optional RS 232 
interface card. The SE 2550 offers analogue 
input and both analogue and digital output, 
Two other models are available: the SE 2560, 
similar to the SE 2550 but with eight chan- 
nels, and the low cost, 2-channel SE 2520, 
Features include: up to 10 timebases indepen- 
dently selectable, simple keyboard entry, 4- 
trace display, up to 6 individual sets of 
instrument parameter settings stored in non- 
volatile memory, versatile triggering facilities 
and 4-channel configurations (8 in the 
SE 2560), The SE 2550 offers an optional 
32K memory per channel, in place of the 
standard 16K. The 4-trace display is con- 
tained within a 5’ monitor, allowing the 
complete contents of each channel to be 
viewed across the screen. Alternatively, the 
user can select a portion of the waveform for 
expansion in terms of timebase and am- 
plitude. On-screen measurements can be 
calculated and displayed, due to the provision 
of a cursor which allows individual memory 
locations to be identified. Seven major dis- 
play modes are available: from individual 
channels or the summation and subtraction 
of any two channels, to the subtraction of 
any data block in the memory with any other 
data block in the total memory. 

Among the unique features of the SE 2550 is 
the comprehensive triggering facility: each 
amplifier can be programmed to trigger the 
unit in response to a combination of settings. 
Also unique is the pre-trigger mode, which 
allows the user to select 10 discrete timebases 
across the 16K memory (or optional 32K) 
per channel. 

A primary function of the SE 2550 is to 
record and reproduce transient waveforms 


automatically, without external programming. 
A timer menu page stores a transient and 
Outputs it to a computer store. The memory 
contents can be plotted onto an XY plotter 
or a hard copy printer via the IEEE 488 
interface, in addition to the more usual 
method of photographing the display screen 
with Polaroid film. A ‘select’ page lists the 
various menus available to completely set up 
the instrument, while a_ real-time clock 
enables the time to be retained in the digital 
store when a transient is recorded. The use of 
a non-volatile memory allows the instrument 
to be programmed in the laboratory before 
being utilised on-site without further operator 
intervention. 

SE Labs (EMI) Limited, 

Spur Road, 

Feltham, Middlesex, TW14 OTD, 

Telephone: 01 890 1477 
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Micro miniature DIL thumbwheel 
switches 


This range of micro miniature digital thumb- 
wheel switches are used in conjunction with 
end plates and optional spacers which are 
all rigidly clipped together to form stable 
switch assemblies. The switch housings, 
spacers and end plates are a matt black with 
contrasting highly legible non dazzle white 
display digits. Switch assemblies of from 1 to 
10 units can be accommodated, with dual-in- 
line terminal spacings and a common bar if 
required, 


They are of an extremely compact design and 
are suitable for use in computers, vending 
machines, automatic control equipment, 
measuring and testing units, communications 
equipment together with very many other 
general applications for numerical, volume 
or time control and computation. They have 
a DC resistance load switching capacity of 
28 V 50 mA, with continuous current ratings 
of 100A to 10mA. Mechanical and elec- 
trical life is 100,000 steps minimum and they 
have. an operating temperature band of 
—20° to +80°C. Contact resistance is 
250 M ohm maximum and insulation resist- 
ance 100 M ohm minimum at 250 V DC. 

P, Caro & Associates Ltd, 

2347 Coventry Road, 

Sheldon, 

Birmingham B26 3LS. 

Telephone: 021 742 1328 
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JUNIOR COMPUTER BOOK 1 — for anyone wishing to become familiar with (micro)computers, this book gives the opportunity to build and 
program a personal computer at a very reasonable cost. 
Price — UK £4.50 OVERSEER 5 55 i a spesoctS av ionteN vis agian ta Vina dane so pee dhe Bit Spvnenis £4.75 


JUNIOR COMPUTER BOOK 2 — follows in a logical continuation of Book 1, and contains a detailed appraisal of the software. Three major 
programming tools, the monitor, an assembler and an editor, are discussed together with practical proposals for input output and peripherals. 


RICE SIRS istivicsiicnay atest ne ler bean, eveinyinths n Gite Pies Gei sn am tetveriacte £4.75 Overseastireiiti wn wwii tne aga Ran tea as £5.00 
JUNIOR COMPUTER BOOK 3 — the next step, transforming the basic, single-board Junior Computer into a complete personal computer 
system. 

Pride SUE souseran ss Gas, RESHOR GE U8 i Ge’ igcie lh aa aavenle £4.75 OVORSCDS! fe 6 ah ie- ja iid w.cepes eee RR ORM Rata AE deo £5.00 
300 CIRCUITS for the home constructor — 300 projects ranging from the basic to the very sophisticated. 

Price—UK ,... £3 OVERSEE ie sii ehie aa co yao BRON Se saccduin eer ante Pants £4.00 


DIGIBOOK — provides a simple step-by-step introduction to the basic theory and application of digital electronics and gives clear explanations 
of the fundamentals of digital circuitry, backed up by experiments designed to reinforce this newly acquired knowledge. Supplied with an 
experimenter’s PCB. 

PRICOSUK: oy ecdiectonliene & age CaMAGORRINh foie ls vase yet want £5.00 OVEREOSE 5, baat. aicararn a RP v ere eae ai EN Sen eee re Nas £5.25 


FORMANT — complete constructional details of the Elektor Formant Synthesiser — comes with a FREE cassette of sounds that the Formant is 
capable of producing together with advice on how to achieve them. 
BRICe IU tics cava se si obese Gs « 4.) ltd etiatas £4.75 Overseas: ts 5. Phir. we cphitemspede eco ienn Manas see. £5.00 


SC/MPUTER (1) — describes how to build and operate your own microprocessor system — the first book of a series — further books will show 
how the system may be extended to meet various requirements. 
PRICO AUG netic out ciiigehie: © ut le a ite mh 4k ae oa Macca £3.95 OVE CS 05, 0 ays oe. SET Res. tee epeped és £4.20 


SC/MPUTER (2) — the second book in the series. An updated version of the monitor program (Elbug I!) is introduced together with a number 
of expansion possibilities. By adding the Elekterminal to the system described in Book 1 the microcomputer becomes even more versatile. 


PRuCGteAU) Keer ta ee onle: ce Mane Mee amet gD ULCSiy «dso isi sigs HL £4.25 QUGr ERE ince ns sci mariah 4 4a hee RUE P| ay ea £4.50 
BOOK 75 —a selection of some of the most interesting and popular construction projects that were originally published in Elektor issues 1 to 8. 
RBC AW Kosa eee eete nos, guauheMolts. aiteriestebene o.0) tee 30.6 £3.75 Ouerseas yea wt Woks Se geaem aE ere Ae cansat at £4.00 


Rice UK. se naka wuts 2 t.G heres to see Bundt, e £5.00 OVOLSCAS I. 6, 9 iio; sho: uamutoncinen yy. sitar OM Serna ey toe £5.25 
When ordering please use the Elektor Readers’ Order Card in this issue (the above prices include p. & p.) 
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Sinclair ZX81 Personal Comp 


the heart of a system 
that grows with you. 


1980 saw a genuine breakthrough — 
the Sinclair ZX80, world’s first com- 
plete personal computer for under 
£100. Not surprisingly, over 50,000 
were sold. 

In March 1981, the Sinclair lead 
increased dramatically. For just 
£69.95 the Sinclair ZX81 offers even 
more advanced facilities at an even 
lower price. Initially, even we were 
surprised by the demand - over 
50,000 in the first 3 months! 

Today, the Sinclair ZX81 is the 
heart of acomputer system. You can 
add 16-times more memory with the 
ZX RAM pack. The ZX Printer offers 
an unbeatable combination of 
performance and price. And the ZX 
Software library is growing every day. 


Lower price: higher capability 

With the ZX81, it’s still very simple to 
teach yourself computing, but the 
ZX81 packs even greater working 
capability than the ZX80. 

It uses the same micro-processor, 
but incorporates a new, more power- 
ful 8K BASIC ROM - the ‘trained 
intelligence’ of the computer. This 
chip works in decimals, handles logs 
and trig, allows you to plot graphs, 
and builds up animated displays. 

And the ZX81 incorporates other 
operation refinements - the facility 
to load and save named programs 
oncassette, for example, and to 
drive the new ZX Printer. 


“BASIC manual 


Every ZX81 comes with a comprehensive, specially- written 
manual ~ a complete course in BASIC programming, from 
first principles to complex programs. 


Higher specification, lower price — 
how’s it done? 

Quite simply, by design. The ZX80 
reduced the chips in a working 
computer from 40 or so, to 21. The 
ZX81 reduces the 21 to 4! 

The secret lies in a totally new 
master chip. Designed by Sinclair 
and custom-built in Britain, this 
unique chip replaces 18 chips from 
the ZX80! 


New, improved specification 

@ Z80A micro-processor — new 
faster version of the famous Z80 
chip, widely recognised as the best 
ever made. 

@ Unique ‘one-touch’ key word 
entry: the ZX81 eliminates a great 
deal of tiresome typing. Key words 
(RUN, LIST, PRINT, etc.) have their 
own single-key entry. 

@ Unique syntax-check and report 
codes identify programming errors 
immediately. 

@ Full range of mathematical and 
scientific functions accurate to eight 
decimal places. 

@ Graph-drawing and animated- 
display facilities. 

@ Multi-dimensional string and 
numerical arrays. 

@ Up to 26 FOR/NEXT loops. 

@ Randomise function — useful for 
games as well as serious applications. 
@ Cassette LOAD and SAVE with 
named programs. 

@ 1K-byte RAM expandable to 16K 
bytes with Sinclair RAM pack. 

@ Able to drive the new Sinclair 
printer. 

@ Advanced 4-chip design: micro- 
processor, ROM, RAM, plus master 
chip — unique, custom-built chip 
replacing 18 ZX80 chips. 


Kit or built —it’s up to you! 

You'll be surprised how easy the 
ZX81 kit is to build: just four chips to 
assemble (plus, of course the other 
discrete components) — a few hours’ 
work with a fine-tipped soldering iron. 
And you may already have a suitable 
mains adaptor - 600 mA at 9 V DC 
nominal unregulated (supplied with 
built version). 

Kit and built versions come com- 
plete with all leads to connect to 
your TV (colour or black and white) 
and cassette recorder. 


advertisement 
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16K-byte RAM 
pack for massive 
add-on memory. 


Designed as a complete module to 
fit your Sinclair ZX80 or ZX81, the 
RAM pack simply. plugs into the 
existing expansion port at the rear 
of the computer to multiply your 
data/program storage by 16! 

Use it for long and complex 
programs or as a personal database. 
Yet it costs as little as half the price 
of competitive additional memory. 

With the RAM pack, you can 
also run some of the more sophisti- 
cated ZX Software — the Business & 
Household management systems 
for example. 


—| | oo — || 
ZX8l 


6 Kings Parade, Cambridge, Cambs., CB2 1SN. 
Tel: (0276) 66104 & 21282. 


Available now- 


E 


UT 
Mf 


the ZX Printer 
for only £49.% 


Designed exclusively for use with 
the ZX81 (and ZX80 with 8K BASIC 
ROM), the printer offers full alpha- 
numerics and highly sophisticated 
graphics. 

A special feature is COPY, which 
prints out exactly what is on the 
whole TV screen without the need 
for further intructions. 

At last you can have a hard copy 
of your program listings — particularly 


useful when writing or editing 
programs. 

And of course you can print out 
your results for permanent records 
orsending to a friend. 

Printing speed is 50 characters 
per second, with 32 characters per 
line and 9 lines per vertical inch. 

The ZX Printer connects to the rear 
of your computer — using a stackable 
connector so you can plug ina RAM 
pack as well. A roll of paper (65 ft 
long x 4 in wide) is supplied, along 
with full instructions. 


How to order your ZX81 

BY PHONE - Access, Barclaycard or 
Trustcard holders can call 

01-200 0200 for personal attention 
24 hours a day, every day. 

BY FREEPOST ~ use the no-stamp- 
needed coupon below. You can pay 


[ors Sinclair Research Ltd, FREEPOST , Camberley, Surrey, GU15 3BR. 


Barclaycard or Trustcard. 

EITHER WAY - please allow up to 

28 days for delivery. And there’s a 
14-day money-back option. We want 
you to be satisfied beyond doubt - 
andwe have no doubt that you will be. 


Order 
Qty | Item Code | Itemprice | Total | 
£ £& 
Sinclair ZX81 Personal Computer kit(s). Price includes 4 I 
ZX81 BASIC manual, excludes mains adaptor. bai ema P3 49.95 = | 
Ready-assembled Sinclair ZX81 Personal Computer(s). 
Price includes ZX81BASIC manualandmainsadaptor. | 11 | 69.95 | | 
Mains Adaptor(s) (600 mA at 9 V DC nominal unregulated). 10 | 695 | | 
16K-BYTE RAM pack. Sk aaa als CO a a 
7 Sinclair ZX Printer. _| 27 | 49.95 
8K BASIC ROMtofitZX80. a 7 19.95 ai | 
aT Post and Packing. EES OS | ee a ee LO | 
Please tick if you require a VAT receipt TOTAL ot | 
*| enclose a cheque/postal order payable to Sinclair Research Ltd, for £__ | 
*Please charge to my Access/Barclaycard/Trustcard account no. | 
*Please delete/complete as applicable. |_| | | | | | | | | | | 
Please print. 
Name: Mr/Mrs/Miss | | 
Address: ee eae | | 
[eal AIEEE I 
ELKO3 


[|_FREEPOST —no stamp needed. Offer applies to UK only. 
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NEW NICKEL CADMIUM CELLS 1.2V 
D Cell (U2 size) 4A/H £2.50 
C Cell (U11) 2A/H £2.00 
RR Cell 1.2A/H £1.10 
YC Cell 0.7A/H £1.00 
AA Cell 0.5A/H £0.90 
All above cells are vented - i.e, suitable for 
fast charging. 


NICAD BUTTON CELLS 1,2V 
200mA/H = £0.40 

200mA/H = £0.70 280mA/H_= £0.55 
1,75A/H £1.50 900mA/H £1.05 


RIBBON CABLE 
8 way 25p/metre 
25 way 70p/metre 
50 way ( 25 pair 

twist ‘n’ flat) 150p/% metre 


HIGH PERFORMANCE 

POWER SUPPLY KIT 

Zero—> 30v 5mMA-1.5A 

O/P resistance 1m (at board O/P) 

Noise / ripple 1mV - very sharp current 
limit - generally idiot proof. 

Kit of parts F/G PCB tinned controls, 
wire, all components : £13.00 
Schools/colleges £12.00 
Post + Packing £1.50 


Canon ‘D’ Connectors 9 Way 90p 

Ex, Equipment 15Way £1.00 

Price per pair 25 Way = £1.30 
37Way £ 
50Way £1! 


New connectors available at double above 


DISPLAYS 

Futaba 4 digit clock fluorescent 

display FLT - 02-81 £1,50 (25p) 
Futaba 8 digit calculator fluorescent 
display 9- CT -01-3L £1.50 (25p) 
3% digit LCD display £3.00 

4 digit LCD display £3.00 

LCD Clock display £3.00 


POLYESTER CAPACITORS 
5p £3.00/100 
4p £2,00/100 
3p £2.50/100 
6p £5.00/100 
8p £6.00/100 
2u2 C280 10p £8.00/100 
1u5 C280 8p £6.00/100 
Assorted polyester caps 
approx 75 for £1,50 (25p) 


FIELD EFFECT TRANSISTORS 
2N3819 30p 
2N5116 PCH TO18 40p 


LEDs 
Red 0.2" 0.125" 10 for £1.00 
Gn. Yw. 0,2" 8 for £1.00 


10 Turn Trimpots 
10R, 20R, 100R, 200R, 500R, 
2K, 5K, 20K, 22K, 50K, 200K. 40p 


BEAD THERMISTORS NTC Res. at 
20° 250R,1k2,4k5 , 50k, 220k, m4 60p 


. prices, 
Up-to-date electronics TRANSFORMERS misc. 
for lab and leisure GOV 5A £7.00 (£1,30) Assorted reed switch inserts 10 for £1 
9V 3A £2.00 (65p) Assorted slide switches 10 for £1 


. Pert . se . 12V 4A £2.50 (65p) Mixed pre-set resistors Min + Std 30 for £1 
If you experienced difficulty in obtaining this 25-0-25v Assorted convergence pots, 20 for £1 


magazine take this form along to your IOVA Toroid £6.60 (70) Bree ewing pace pee 


PTFE sleeving pack 
ELECTROLYTICS 10m assorted colours £1 


newsagent and ask him to reserve a copy for Sprague 10,000 100V £3.60 (£1.00) Thermal cut- out 5A contacts 


you each month. 
To the newsagent: 


If you experienced difficulty in fulfilling our 
customers order, contact our distributors: 
Seymour Press, 334 Brixton Road, 


London SW9 7AG. 
Surname 


Initials 


Street/Ave./ 


Town 


I 


4700 63V £0.80 (5p) 
Sprague 26,0001 30V £1.50 (0p) 
4700p 25V £0.60 


BRIDGE RECS, 

1A 800V £0.30 
3A 200V £0.30 
6A 100V £ 
10A 200V (metal) £1.80 
25A 200V (metal) £2.30 


DIODES 

IN914/IN4148, £1,50/100 
1844 £1,25/100 
183470 Ge £1,00/100 
1N4004 1A 300V £3.00/100 


FAST RECOVERY RECS, 

BA157 1A 400V £0.20 
BA1658 1A 600V £0.25 
BA159 1A 1000V £0.28 
BY 190 4A 650V £1.00 
BY 199 1,2A 800V £0.30 


POWER RECTIFIER DIODES 
35A 120V Stud 


PHOTO DEVICES 

2N5777 (Photo Darlington) 

TIL81 (TO18 Photo Transistor) 
TIL38 Infra Red LED 

OP12252 Opto Isolator 

Photo Diode 

MEL12 (Photo Varlington base o/c) 
RPY58 LOR 


OP. AMPS 

CA741 TOS Can 

741 Plastic 

LM318 30V/uS 

M107 sim, 741/307 
(compensated 301 but no 
offset null) 


MIN. ORDER £2.50 


50°C or 85°C 50p 
Tag boards/Tag strip 
Connecting blocks 
good assortment £1.50 
Fan cooled heatsink TO 
takes 10 TO3 Transistors 
Ex, Eqpt. £12 (£1.50) 
Vernitron 10m7 Ceramic filters 
455K Ceramic filter 
‘Stereo cassette deck top loading 
Stereo cassette head R/P 
Mono cassette head R/P 
Erase head 
6V Cassette motor Pp 
Fold flat instrument handle 25p £15/100 
13A Mains Plug 38p 
Regulators 78/79 series 1A 
5V, 12V, 15V, 24V. 6Op 
Air operated switch % PSI £1.50 
UHF RF modulator tuned CH36 £2 
PCB with unit 2N2646 and 12V 
4p c/o relay 60p 
PCB pins fit 0.1" Veroboard 5 0p/100 
£3/1000 
TO3 mounting kits £2,50/100 
T0220 mounting kits £2/100 
1A TOS Transistors £10/100 
sim. BFY51 but 25V 
Equiv. 2N5058 TO92 300V 150mA 10p 
£5/100 
PBC 108 (plastic 60108) £4/100 
BC237 (plastic BC107) £4.50/100 
0.101% 10W wire wound 25p 
TRW RF Power transistor 
‘helicopter’ type 
SCR BTX95 800V 15A 
SCR 600V 10A 
Triac 600V 8A 
400V 4A 60p 
Zeners 400mW 10p £4.50/100 
2v7, 3v3, 3v9, 4v7, 5v6, 6v2, _ £35/1000 
Zeners 1w/1w3 15p £7/100 
5v6, 7v, 8v2, 12v, 18, 18v, 27¥ 
33v, 51, 100v 


OFFICIAL ORDERS WELCOME 


UNIVERSITIES . COLLEGES : SCHOOLS - GOVT, DEPARTMENTS 


P & P AS SHOWN IN BRACKETS (HEAVY ITEMS) 
50p OTHERWISE (LIGHT ITEMS) 


ADD 15% VAT TO TOTAL 


KEYTRONICS 


332 LEY STREET. ILFORD. ESSEX 
Shop open Mon. — Sat. 10am — 2pm 


TELEPHONE 553 1863 
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~ BRANDLEADING ELECTRONICS 
INOW AVAILABLE IN KIT FORM 


$X1000 MAGIDICE Oe 


Electronic Ignition Electronic Dice 
@ Inductive Discharge @ Not an auto item but great fun 
@ Extended coil energy for the family 

storage circuit @ Total random selection 
@ Contact breaker driven @ Triggered by waving of hand 
@ Three position changeover switch over dice 
@ Over 65 components to assemble @ Bleeps and flashes during a 4 second 
@ Patented clip-to-coil fitting tumble sequence 
© Fits all 12v neg. earth vehicles © Throw displayed for 10 seconds 
@ Auto display of last throw 1 second in 5 
@ Muting and Off switch on base 
@ Hours of continuous use from PP7 battery 
@ Over 100 components to assemble 


$X2000 


Electronic Ignition 
@ The brandleading system 


TX2002 


on the market today Z S * Pry 
@ Unique Reactive Discharge Z | Electronic Ignition 
@ Combined Inductive and @ The ultimate system @ Switchable 


Capacitive Discharge : contactless. @ Three position switch with 
@ Contact breaker driven _ Auxiliary back-up inductive circuit 
@ Three position changeover switch . } @ Reactive Discharge. Combined capacitive 
@ Over 130 components to assemble ‘ and inductive. @ Extended coil energy storage 


@ Patented clip-to-coil fittin " circuit. @ Magnetic contactless distributor trigger- 
@ Fits nt ty ae oe EO ra SS head. @ Distributor triggerhead adaptors included 
@ Can also be triggered by existing contact breakers 

@ Die cast waterproof case with clip-to-coil fitting @ Fits 

majority of 4 and 6 cylinder 12v neg. earth vehicles 

@ Over 150 components to assemble 


VOYAGER Car Drive Computer 


@ A most sophisticated accessory. @ Utilises a single chip mask 
programmed microprocessor incorporating a unique programme 
designed by EDA Sparkrite Ltd. @ Affords 12 functions centred 
on Fuel, Speed, Distance and Time. @ Visual and Audible alarms 


warning of Excess Speed, Frost/Ice, Lights-left-on. @ Facility to 
operate LOG and TRIP functions independently or synchronously. 
@ Large 10mm high 400ft-L fluorescent display with auto 
intensity. @ Unique speed and fuel transducers giving a 
programmed accuracy of + or —1%. @ Large LOG & TRIP 
memories. 2,000 miles. 180 gallons. 100 hours. @ Full Imperial 
q and Metric calibrations. @ Over 300 components to assemble 
AT-80 , i , i iS Areal challenge for the electronics enthusiast! 


Electronic Car Security System 

@ Arms doors, boot, bonnet and has security loop to protect 
fog/spot lamps, radio/tape, CB equipment 

@ Programmable personal code entry system 

@ Armed and disarmed from outside vehicle using a special I 
magnetic key fob against a windscreen sensor pad adhered to 
the inside of the screen @ Fits all 12V neg earth vehicles 

@ Over 250 components to assemble 


All EDA-SPARKRITE products and designs are fully covered by one or more World Patents. N 


EDA SPARKRITE LIMITED 82 Bath Street, Walsall, West Midlands, WS1 3DE England. Tel: (0922) 614791 
gee ere SS 222 2 2 2 2 ee 


SELF READY Please allow 28 days for delivery E382 

P asseMeLY | GAR | NAME ieee 

sx1000 | £12.95 | £25.90] ODRESS : 
Bl {sx2000 [£19.95 | ¢3990] ~ = = 

TX 2002 £29.95 £59.90 | ENCLOSE CHEQUE(S)/POSTAL ORDERS FOR 
| AT. 80 £29.95 £59.90 Cys » Weed RITIRER 2 Shizess 
| VOYAGER £59.95 £119.90 CHEQUE NO. = — 

MAGIDICE £9.95 £19.90 BHONEVOUROADERWITHACCESS/BARCLAYCARD 


PRICES INC. VAT.POSTAGE & PACKING SEND ONLY SAE IF BROCHURE IS REQUIRED 
[i 
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FROM CASSETTE 
TO VIDEO AND BACK | 


high-speed data transfer 
and the junior computer 


oF 


junior computer 
book 3 


Book 3 describes a number of steps that need Sx, 
to be taken to transform the single-board, basic 
Junior Computer into a complete personal computer 
system. This involves adding an interface board to allow 

the machine to communicate with the outside world (its operator) in an ‘adult’ manner. The inter- 


face board provides additional I/O, a cassette interface, an RS 232 interface and an internal connec- 
tion with the buffered bus board. 


AVAILABLE 
Now, 


fA 


The hardware extensions complete the physical development of the computer and the sophisticated 
software in Book 4 enables the machine to fully utilise its additional memory capacity by extending 
its communication skills. As a result, a number of peripheral devices, such as a printer or a video ter- 
minal, can be ‘hooked up’ to the computer. 


£4.75 
ISBN 0905705 09 2 


advertisement 


Printed circuit boards from individual 
drawings, photography, prototypes, small/ 
medium runs. 


Resist coated glass fibre laminate for DIY 
no unusual chemicals required. Photo- 


graphic positives and PCBs for those designs 
not offered by Elektor from issue no. 18 
onwards. 


Drawing materials, 

Etch resist transfers, 

Selected range accessories and components. 
Send 20p for catalogue. 


Ramar Electronics Services Ltd. 
Masons Rd. Stratford on Avon CV37 9NF. 
Tel. 4879 


TEACH 


Prosect ZX @] 


ROBOTIC ARM 
CHURCH FAIR 
AUTOMATIC — a 
DOOR SYSTEM P 


PROCESSING 
PROCESS TIMING d 

2X8 I system 
+16 CHANNELS 


“CUT 
INDUSTRI 


NUTS 
SHOP DISPLAY 


ROBOTIC — 
TESTING 


YOURSELF & OTHERS 


AL COSTS 
WITH MIGROS TO 
EA 


ROBOTICS 
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D.I.L. Miniature Switches 
ON/OFF 

Gold Plated Contacts, sealed 
base, Ideal for programming. 
6 position. At less than half 
‘manufacturers pri 


ONLY 
75p 
per 1065p each 


per 100 5Sp each 
Will fit into 14pin DIL socket 


Burroughs 8 Digit Panaplex 
display 7 segment 0.25" digits. 
Neon type with red bevel 
socket and data. £1.50 
Honeywell Proximity Detector} 
Integral amp. 8V de £3.50 
Photo Conductive Cell High 
power Cds coll 600mw for con: 
trol circuits, Res. 800ohm—4K 
240 V max,1% x % ins. £1.25 
Ribbon Microphone with Pre- 
ip on chassis £1.75 


ULH.F, MODULATORS 
adjustable, ideal 
ITERS. Size 3x 2% 
x 1 inch, in screened case 
With data_ £3.50 
MIN. EDGE IND, METER| 
With ILLUMINATED DIAL, 
Sealed = 10 

S. 


Size 1% 
Only £1.65 


Half inch 
+1 Display. 
High intensity 
Lea, sot of 4 £3.50 
Common anode 

14 Pin Dil Package 


L380 Amp! 85] 
LM318N Hi-stew Op. 


, £1.50} 
LM323K BV 3 Amp.Reg £3.80} 
LM310N Volt Foll.Amp £1.29] 
LM311H High Perf. Volt 


MULLARD MODULES | Uitra Sonic Transducers 


up1171 P1179 | 40Ke/s Complete on 18” 
IF. Strip AMFM |Screened cable £1.75 each 
Pair £5.75 Front end £2.95 
Complete with Data Ultra Sonic Transmitter 


Complete unit (uncased, 


beige | P1157. | requires 1.5v) £3.25 
varicap | Med. & Long | Foster Dynamic Microphones 

tuner tuner] 200 ohm imp. pair £1.75 
£5.00 £2,560 | Movingcoil Complete onchasss 


CRYSTALS COLOUR TV 
4.433619 me/s Miniature 
type sealed £1,25 
7905 Voltage Regulator 

1 Amp T0220 Negative 
Motorola 


Comparator £1.00] 

ILM3B4N 5 Watt Amp, £1.20] 2102 450N/S_— £1.00 

1LM393N Dual 2114 © 300N/S_— £1.75 
Comparator 60p[ XTALFILTER 10.7me/s [4116 © 200N/S_— £1.50 

ILM1889N T.V. Video 12,5 DB separation 2732 450 N/S. 
Modulator £1.75] Wx 1% x Linch £7.00 


HEWLETT—PACKARD | _Ex-Motorola 5+5 watt 


RELAY (Gen, purpose type) 
4%4—BV single pole change 
‘over 200 ohms (open type) 
11x 1 inch 60p 


Miniature M.P.G, 
Potentiometers Model M2 


High quality 5% Tol, 2 watt 
with 1" spindles, All values 
47 ohms ~ 47k, ONLY 60p 


Quality replacement for most DISPLAYS Car Stereo Amplifiers 
recorders with mounting plate, Complete and Tested units, 
Record/Replay £2.80 bo fey Medium & Long wave 
Marriott Tape Heads % track] sevy bright ‘Supplied as two built units 
Ty Hae | 64.00 oh (5 x 2 2 ins) with circuit 
XRPS 18 Rec/Replay £2.00] OnlV £2.00 ene! ‘and data Includes preamp 
Sot of 6 £5.00 
ARES 36 Rec/Replay £9.00 | Half inch Red common cathode 
00 Iwill replace DL707 14 pin DIL] ONLY £5 pair 
MINIATURE HIGH ‘CHERRY’ 


QUALITY FANS 


Whisper model by ROTON 
Low power consumption 7 
watts, silent running, 115V 
(Two in series for 230V) 
{50/60 Hz, Size 4¥5x4¥4x1% 
Brand New 

ONLY £6.50 each 


per 10... 50p ea 100... 40p ea 


60% Less than, 
Manufacturers price, 


Add—on Keypad 


‘A compact 12 button keypad 
suitable for use with keyboard 
10 extend its functions plus 
yxtra four keys, 


Supplied brand new with Data, 


QUANTITY DISCOUNTS ON ALL ITEMS (unless stated) 15% per 10, 
20% per 50, 25% per 100 


FOR, 
student 
teacher 
enthusiast 


CONTROL 


or SPECIA 
engineer 


“PROCESS CONTROL” 


YOU CAN RUN THE 
REAL THING OR SIMULATE 
ON A PROJECT BOARD 


1EASY TO PROGRAMME: 


WITH APPLICATION BOOK: TE 
+0167 


sOUTPUTS RATED lame 
*SAMP INTERNAL — 
Sova — POWER PACK 

Lists+JUST— PLUGS IN 
WITH MEMORY 


AE oP 

90" 

ONLY “soma 
“INCLUSIV 


G:M'S evectronics 


UNIT 5, CRANBOURNE CLOSE 
NORBURY SW1 6,4 NG} 


L. 
9°5205- 


READERS’ 


ALL ITEMS NEW 
DELIVERY FROM STOCK — Add post 35p per order 


secs ae | 


EXPORT ENQUIRIES INVITED, 


404 EDGWARE ROAD, 
LONDON W2, 
ENGLAND 01 723-1008/9 


Telex 262284 
Mono Ref. 1400_Transonics 


CLASSIFIED 


ADS 


We invite our readers to in- 
sert advertisements into 
our ‘Classified Section’. 


If you have something to 
sell, exchange, or buy, fill 
in this form and send it to 
us with your remittance. 


The rate (prepaid) is 20p 
per word. Minimum charge 
is £2.40 (12 words). Please 
read Conditions of Accept- 
ance on Classified ads page. 


When completing the form 
use CAPITAL LETTERS, 
one word per box. Your 
advertisement must include 
your address or telephone 


number. Please also add 
your name and full address 
below. 


NAME: .. 
ADDRESS: 
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WHO AND WHERE WHC 


J 
4 


AREA 1 


CASEY BROTHERS 
Palladium House 
Boundary Road 

St. Helens 

Merseyside WA10 2LL 
Tel. 0744 27873 


D.I.M.E.S. ELECTRONICS 
Hobby Shop 

1/3 Ellis Street 

Peterhead 

Grampian AB4 6JR 

Tel. 0779 77515 


ELECTRONIC ASSEMBLY 
SERVICES 

Bright Street Works 

Bury, Lancs. BL9 6AQ 

Tel. 061 764 7634 


ELECTRO SUPPLIES 
6A Todd Street 
Manchester 

Tel. 061 834 1185 


ELECTROVALUE LTD. 
680 Burnage Lane 
Manchester M19 1NA 
Tel. 061 432 4945 


A. MARSHALL (London) LTD. 
85 West Regent Street 

Glasgow G2 20D 

Tel. 041 332 4133 


PROGRESSIVE RADIO 
93 Dale Street 

Liverpool L2 2JD 

Tel, 051 236 0982 


SAPPHIRE ELECTRONICS 
93 Domestic Street 

Leeds LS11 9SG 

Tel, Leeds 468017 


SHUDEHILL SUPPLY CO. LTD 
53 Shudehill 

Manchester M4 4AW 

Tel. 061 834 1449 


SPECTRON ELECTRONICS 
MANCHESTER LTD. 

7 Oldfield Road 

Salford 

Greater Manchester 

Tel. 061 834 4583 


AREA 2 


CARDIGAN ELECTRONICS 
Chancery Lane 

Cardigan 

Dyfed 

Tel. 0239 4483 


CRYSTAL ELECTRONICS 
40 Magdalene Road 
Torquay, Devon 

Tel. 22699 


DURRANT RADIO 
(COMPONENT SERVICE) 
9 St. Mary's Street 
Shrewsbury, Shropshire 
Tel. 61239 


L.F. HANNEY 

77 Lower Bristol Road 
Bath BA2 3BS, Avon 
Tel, 0225 24811 


MONOLITH ELECTRONICS 
co. LTD. 

5/7 Church Street 

Crewkerne 

Somerset 

Tel. 0460 74321 


P.A.T.H. ELECTRONIC 
SERVICES 

369 Alum Rock Road 
Birmingham B8 3DR 
Tel, 021 327 2339 


RAMAR ELECTRONIC 
SERVICES LTD. 

Masons Road 
Stratford-on-Avon CV37 9NF 
Tel, 4879 


STEVE'S ELECTRONICS 
SUPPLY COMPANY 

45 Castle Arcade 

Cardiff CF1 2BU 

Tel. 0222 41905 


AREA 3 


AMBIT INTERNATIONAL 
200 North Service Road 
Brentwood 

Essex 

Tel, 0277 230909 

Telex 995194 Ambit G 


AUDIO ELECTRONICS 
301 Edgware Road 
London W2 1BN 

Tel. 01 724 3564 


BASIC ELECTRONICS LTD. 
18 Epsom Road 

Guildford 

Surrey GU1 3JN 

Tel. 0483 39984 


BI-PAK SEMICONDUCTORS 
3 Baldock Street 

Ware, Herts 

Tel. 0920 61593 


CAVERN ELECTRONICS 
94 Stratford Road 
Wolverton 

Milton Keynes 

Tel. Milton Keynes 314925 


CHARLES TOWN 
89 Carrington Street 
Nottingham 

Tel. 868933 & 55489 


CRICKLEWOOD 
ELECTRONICS LTD. 

40/42 Cricklewood Broadway 
London NW2 3ET 

Tel. 01 4520161 


C.T.S. LTD. 

20 Chatham Street 
Ramsgate 

Kent CT11 7PP 
Tel. Thanet 54072 


ELECTROVALUE LTD. 
28 St. Judes Road 
Englefield Green 

Egham 

Surrey TW20 OHB 

Tel. Egham 3603 


ELEY ELECTRONICS 
100/104 Beatrice Road 
Leicester 

Tel, 871522 


J.T. FILMER 

82 Dartford Road 
Kent DA1 3ER 
Tel. 0322 24057 


FOREWAY SERVICES 
19 Old High Street 
Headington 

Oxford 

Tel. 0865 


FRANK MOZER LTD. 
5 Angel Corner Parade 
Edmonton 

London N18 

Tel. 01 807 2784 


G.B. GARLAND BROS. LTD. 


Chesham House 
Deptford Broadway 
London SE8 40N 
Tel. 01 692 4412 


HARRINGTON COLORVISION 


9 Queen Street 
Colchester 

Essex 

Tel, Colchester 47503 


HENRY’S RADIO 
404 Edgware Road 
London W2 

Tel. 01 723 5095 


D.P. HOBBS 

11 King Street 
Luton 

Beds 

Tel. 0582 20907 


KAYS ELECTRONICS 
195 Sheffield Road 
Chesterfield 
Derbyshire 

Tel. 0246 31696 


MAPLIN ELECTRONIC 
SUPPLIES LTD. 

P.O. Box 3 

Rayleigh 

Essex SS6 8LR 

Tel. 0702 552911 


Shops at: 

159-161 King Street 
Hammersmith 
London W6 

Tel. 01 748 0926 


and 

284 London Road 
Westcliff-on-Sea 
Essex 

Tel, 0702 554000 


A. MARSHALL (London) LTD. 
325 Edgware Road 

London W2 

Tel. 01 723 4242 


MAYDALE ELECTRONIC 
SERVICES 

2 Wellesley Parade 
Godstone Road 
Whyteleafe 

Surrey CR3 OBL 

Tel. 08832 5169 


NOBLE ELECTRONICS 
26 Lloyd Street 
Altringham 

Cheshire WA14 2DE 
Tel. 061 941 4510 


PHONOSONICS 
22 High Street 
Sidcup 

Kent DA14 6EH 
Tel. 01 302 6184 


T. POWELL 
Advance Works 
44 Wallace Road 
London N1 

Tel, 01 226 1489 


QC TRADING 
21 Green Lanes 
Palmers Green 
London N13 4TT 
Tel, 01 889 7593 


BRIAN J. REED 
161 St. John’s Hill 
Battersea 

London SW11 
Tel. 01 223 5016 


SERVIO RADIO LTD. 
156 Merton Road 
South Wimbledon 
London SW19 

Tel. 01 542 6525 


TECHNOMATIC LTD. 
17 Burnley Road 
London NW10 

Tel. 01 452 1500 
Telex 922800 


TK ELECTRONICS 
11 Boston Road 
London W7 3SJ 
Tel. 01 579 9794 


VERO ELECTRONICS LTD. 
Retail Dept. 

Industrial Estate 

Chandlers Ford 

Hants, SO5 3ZR 

Tel. Chandlers Ford 2956 


A DIRECTORY OF ELECTRONIC COMPONENT SUPPLIERS TO ELEKTOR READERS 
IF THERE IS A COMPONENT SHOP IN YOUR AREA NOT LISTED BELOW PLEASE LET US KNOW 


advertisement 
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AND WHERE 


AREA 4 


CHIP ELECTRONIC SERVICES 


37 Great William O’Brien Street 
Cork 

Ireland 

Tel. 021 502428 


WM. B. PEAT & CO. LTD. 
25/26 Parnel Street 
Dublin 

lreland 

vel. 749973/4 


INTERNATIONAL 


Australia 


FRANK MATHIAS 
715 George Street 
(opp. Rawson Place) 
Sydney 2000 
Australia 

Tel, 211 - 5003 


BELGIUM 


VADELEC ELECTRONICS 
24-26 Avenue de |'Heleport 
1000 Bruxelles 

Tel. 02 2182640 

Telex 26061 


DENMARK 


BN ELEKTRONIKS 
Lundtogtegade 135 
DK 2200 Kopenhagen 


BN ELEKTRONIKS 
Lyngby Hovedgade 9a 
DK 2800 Lyngby 


DANSK MINI RADIO 
Nr, Farimagsgade 

57 59 

1364 Copenhagen K 


AAGE NIELSEN EFTF 
1 Sortedam Dosseringen 
2200 Copenhagen 


HOBBY ELECTRONICS 
37 Nedergade 
5000 Odense 


FREDERIKSHAVE HOBBY 
ELEKTRONIK 

9 Havnegade 

900 Frederikshavn 


WK ELECTRONIC 
6 Skoletorvet 
8600 Silkeborg 


HOLTE ELEKTRONIK 
Holte Midpunkt 
2840 Holte 


LILLIE ELEKTRONIK 
89 Sondergade 
6500 Vojens 


ROTEC 
16 Jernbanegade 
4800 Nykobing Falster 


FINLAND 


AMERTRONICS OY 
Vesijarvenkatu 33 
SF - 15140 Lahti 14 
Finland 


BEBEK ELECTRONIC KY 
Rautatienkatu 16 

SF - 15110 Lahti 11 

Tel. 918 - 40666 


BEBEK ELECTRONIC 
Pui Jonkatu 26 - 28 
SF - 70100 Kuopio 10 
Tel. 971 - 117667 


ICELAND 


SAMEIND HF 
PO Box 7150 
Grettisgata 46 
127 Reykjavik 
Iceland 

Tel. 91 - 21366 


INDIA 


PRECIOUS ELECTRONICS 
CORPORATION 

3 Chuname Lane 

Dadasaheb Bhadkamker Marg 
Bombay 400 007 

Tel, 367459/369478 

also at 

9 Athipattan Street 

Mount Road 

Madras 600 002 

Tel, 842718 


RADIO & CRAFT 
PUBLICATIONS 

376 Lajpat Rai Market 
Delhi - 110006 

Tel. 237147/269548 


INDONESIA 


INEL CO 
JL Veteran 71 
Bandung 
Indonesia 


ISRAEL 


ZUR ELECTRONIC 
CENTER LTD. 

1 Hagidem Streer 
Menora Square 
Jerusalem 


DIFFUSION DU LIVRE 
FRANCAIS LTD. 

Boite Postale 3172 

35 Rue Rashi 

Tel. Aviv 

Tel. 289075 


"YAIR" 

1, Hahashmal St. 
P.O, Box 1941 

Tel Aviv 61019 

Tel. 624057/624398 


JORDAN 


GENERAL ELECTRONICS 
CORP. 

United Insurance Building 
King Hussein Street 

P.O. Box 182099 

Amman 

Tel, 24347 

Telex 21262 NADERC - JO 
Cable NADERCO Amman 


NEW ZEALAND 


WAIKATO V.H.F. GROUP INC. 


P.O. Box 606 
Hamilton 


NORWAY 


SCANELCO A/S 
P.O. Box 53 
N-5047 Stend 
Tel, 05276885 


BLEKEN ELEKTRONIKK A/S 
Raadyrveien 32B 

N-3160 Stokke 

Tel, 033-36162 


OSLO HOBBYSENTER A/S 
Herslebsgt. 14-15 

Oslo 5 

Tel. 02 679050 


PORTUGAL 


TABACARIA BRITANICA 
Praca do Duqye da 
Terceira, 19 

1107 Lisboa Codex 

Tel. 324752 


SINGAPORE 


DEVICE ELECTRONICS 
(PTE) LTD. 

104 - 1st Floor 

Singapore Electrical and 
Electronics Hardware Centre 
Maude Rd./Kitchener Rd. 
Singapore 0820 

Telex No, 33250 


S. AFRICA 


PHILTRON PTY. LTD. 
P.O. Box 2749 
Pretoria 0001 


SWEDEN 


JOSTY KIT, AB 
Box 3134 
200 22 Malmo 3 


MICRO KIT 
Bangatan 13 
722 28 Vaesteraas 


COILTRONIC 

Box 38 

183 21 Taby 

Tel. 08 768 32 61 

Telex 15326 COILTROS 


DATA SELECT ELECTRONICS 
Box 146 

S- 183 22 Taby 

Tel. 46 762 514 16 


INKO’X AB 
Box 1057 
721 27 Vasteras 


KITEL DISTRIBUTION 
Box 21149 
$1 00 31 Stockholm 


TURKEY 


ABC KITABEVI 
Tunel Meydani 1 
Beyoglu 
Istanbul 

Tel. 442581 


A DIRECTORY OF ELECTRONIC COMPONENT SUPPLIERS TO ELEKTOR READERS 
IF THERE IS A COMPONENT SHOP IN YOUR AREA NOT LISTED BELOW PLEASE LET US KNOW 
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advertisement 


Classified ads 


CONDITIONS OF ACCEPTANCE OF CLASSIFIED ADVERTISEMENTS 


1. Advertisements are accepted 
subject to the conditions appearing 
on our current rate card and on the 
express understanding that the 


Advertiser warrants that the advert- 
isement does not contravene any 
Act of Parliament nor is it an in- 
fringement of the British Code of 
Advertising Practice. 


2. The Publishers reserve the right 
to refuse or withdraw any advert- 
isement. 


3. Although every care is taken, 
the Publishers shall not be liable for 
clerical or printer's errors or their 
consequences. 


4. The Advertiser’s full name and 
address must accompany each 
advertisement submitted. 


The prepaid rate for Classified 
Advertisements is 20 pence per 
word (minimum 12 words). Semi- 
display setting £5.50 per single 
column centimetre (minimum 2.5 
cms.). All cheques, postal orders, 
etc. to be made payable to 
Elektor Publishers Ltd. Treasury 
notes should always be sent by 
registered post. Advertisements, 
together with remittance, should be 
sent to the Classified Advertisement 
Manager, Elektor Publishers Ltd., 
10 Longport, Canterbury, Kent 
CT11PE. 


Reputed electronic components’ trading house with over 20 years 
experience in India is interested in representing well established 


foreign manufacturers on an exclusive basis in 
Write to Head Office — 


India. 


PRECIOUS ELECTRONICS CORPORATION 


Journal Division 
11, Kiln Lane, 
Lamington Road, 
Bombay 400007, 
India. 


Bombay Head Office 

3, Chunam Lane, 

Lamington Road, 

Bombay 400 007, 

India. 

Phone: 367 459 
369478 


Madras Branch Office 
8, Anthipattan St., 
Mount Road, 

Madras 600002. 
India. 


Phone: 842718 


Cable: DEEPTILAMP (Girgaum, Bombay, India) 


VIEW THRU LENS D 
@ THIS DOSIMETER 


PRE-PACKED SCREWS, nuts, washers, 
solder tags, studding. Send for price list. A1 
SALES (EP), P.O. BOX 402, LONDON SW6 
6LU. 


SECURITY SYSTEM KITS...AIl com- 
ponents and full instructions. Send large 
S.A.E. for latest catalogue of advanced pro- 
jects for car, caravan and home, 
COMPU-TECH SYSTEMS, 

IND. EST., N. WALSHAM NR28 OAN. 

Tel, (0692) 405600, 


WILL AUTOMATICALLY DETECT 
GAMMA AND X-RAYS 
W UNIT IS SIZE OF FOUNTAIN 
PEN & CLIPS ONTO TOP POCKET 
@ PRECISION INSTRUMENT 
METAL CASED WEIGHT 202 
fl MANUFACTURERS CURRENT 
PRICE OF A SIMILAR 
MODEL OVER £25 EACH 
British design & manufacture. 
Tested & fully guaranteed 
Ex-stock delivery. 


£695 Post ‘aeadl 60p 


Ideal for the experimenter 
COMPLETE WITH DATA 


404 EDGWARE ROAD. LONDON W2 1ED 


Sveriges 
Elektor specialist 


Genom oss kan du prenumerera och 
bestilla alla ELEKTOR produkter. 
Samtidigt levererar vi alla ELEKTOR 
byggsatser till mycket laga priser 
(20-30% under marknadspriser), 
Som prenumerant hos Coiltronic far 
du all hjéilp med dina problem. 


O Jag vill prenumerera pa Elektor 


O Jag vill ha ytterligare upplyssningar 
O Kontakta mig 


tel: —-—/-—-—-— 
Skickas till: COILTRONIC 


Box 38, 18321 Tiby. tel: 08/768 32 61 


advertisers___ 
index 


Antex Electronics 
Base Electronics 
Coiltronic 
EDASparkrite .. 10... ecu e 
GMS Electronics 
Henry’s Radio 


Keytronics 


IMSBLIT ES, rie co aed aoe aa eee 
Midwich Computer Co. 
G.F, Milward 


Ramar 


Technomatic . . 
TK Electronics 


MAKE YOUR OWN PRINTED CIRCUITS 


Etch Resist Transfors — Starter pack (5 sheets, lines, pads, 
1,C, pads) £2.00, Large range of single sheets in stock at 
43p per sheet. 

Master Positive Transparencies from P.C, layouts in maga- 
zines by simple photographic process. 2 sheets negative 
paper, 2 sheets positive film (A4) £2.10, Photo-resist 
spray (200ml) £3.25 (p+ p 55p), Drafting Film (A4) 25p. 
Precision Grids (A4) 65p. 

20p stamp for lists and information. P&P 35p per order 
except where indicated. 


P.K.G, ELECTRONICS 
OAK LODGE, TANSLEY, DERBYSHIRE. 


PARAPHYSICS JOURNAL (Russian trans- 
lations): Psychotronic Generators, Kirliano- 
graphy, gravity lasers, Telekinesis. Details: 
ones 4x9" to PARALAB, DOWNTON, 


PRINTED CIRCUITS. Make your own 
simply, cheaply and quickly. Golden Fotolak 
Light Sensitive Lacquer — now greatly im- 
proved and very much faster. Aerosol cans 
with full instructions £2.25, Developer 35 p. 
Ferric Chloride 55 p, Clear Acetate sheet for 
master 14p. Copper-clad Fibreglass Board 
approx. 1mm thick £1.75 sq. ft. Post & 
packing 60 p, 

WHITE HOUSE ELECTRONICS, 

P.O, BOX 19, 

PENZANCE, CORNWALL. 


ENGRAVED TRAFFOLYTE PANELS/ 
legend plates, give a quality finish to your 
design. Send drawing and details with S.A.E. 
for price to: 

HOWARD PLACE, ENGRAVER, 

48, TODD LANE NORTH, 

LOSTOCK HALL, PRESTON, 

LANCS., PR5 5US, 


CABLES. 15-amp mains, rubber: 99 p/m. 
2-amp loudspeaker: 15 p/m. Single screened: 
55 p/m, Postage, packing 40p. Mail only: 
EQUINOX SOUND SYSTEMS, 315 EWELL 
ROAD, TOLWORTH KT6 7BX, 


MULLARD CEEFAX DECODER, Prestel 
CPU Card, Prestel Code Card, £20 each. 
Microdata Cassette £85. 48K RAM cards 
£20. CPU card, P.S.U, Cabinet £85. 
51 KIRKBRIDE CLOSE, BLACKBURN, 
LANCS. Tel. 025457089 


Classified ads 


AND CO-STARRING : Cappy the capable capacitor 


t 


ive componen 


, the (not very) acti 


i, 


the irresistible resistor Trans 


The first electronic comic-book 
RES! & TRANSI 
BANISH THE MYSTERIES OF ELECTRONICS ! 


Excitement, entertainment, circuits. Complete with printed circuit board and Resimeter. 


Resi, 


of course! 


Elektor Publishers Ltd., Elektor House, 10 Longport, Canterbury CT1 1PE, Kent, U.K. 
Tel.: Canterbury (0227) 54430. Telex: 965504. Office hours: 8.30 - 12.30 and 13.30 - 16.30. 


STARRING : 


jjsseuro Avew ‘huew pue Jyo-MoUs quell|iq 242 ‘Apa7 


urtoer asicontas and annus = from Elektor 


in our 
CATALOGUE 


320 big pages 
data and pictures of 
over 5,500 items 


packed with @ 


59 : z — “ " 7 ie Wé 
NMAPLI Nn exec Me 
“ fowe 


For personal service visit one of our stores, 
Our new store at Hammersmith is conveniently situated near the end 
of the M4 and the North and South Circular Roads, 
There is excellent street parking on meters a few steps away and 
Hammersmith Underground Station is nearby, Call in and see us soon, 


Over 100,000 copies sold already! 
| Don't miss out on your copy. 
| On sale now in all branches 
WH Smith (@ price £1. 


In case of difficulty check the coupon below. 


e @ = 
e we @ WIth NIADLIN 
@ AN 26% @ . 
AO gv 598 : 
@ ¥ nasiade ea © 
Oger ° 
Easy to build, 
e e@ ©. vertspecification 


Comparable with organs selling for ~ 

up to £1,000. Send for our new 
book giving full construction 
details, order as XH55K 

price £ 2.50 inclusive. 


INTIAIPILIIN) ELECTRONIC SUPPLIES LTD. 


All mail to: P.0. Box 3, Rayleigh, Essex SS6 8LR. 


Tel: Southend (0702) 554155 — Sales: (0702) 552911 


2 Same day service on in-stock lines 

% Very large percentage of our stock lines in stock 
* All prices include VAT 

%* Large range of all the most useful components 
% First class reply paid envelope with every order 
* Quality components—no rejects—no re-marks 

+ Competitive prices 

* Your money is safe with a reputable company 

On price, service, stock, quality and security it makes 


sense now more than ever to make IAMYDIWA) your 
first choice for components every time! 


r 


a 
Post this coupon now. E382 


i Please send me a copy of your 320 page catalogue. | enclose £1.25 H 
| (incl. 25p p&p). If | am not completely satisfied | may return the 

| catalogue to you and have my money refunded. If you live outside the | 
i U.K. send £1.68 or 12 International Reply Coupons. I 
I Name i 
Address. i 
Mec OO oo oa 


